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ABSTRACT 

Most of the Indian cities are ^rov/ing at a faster 
rate there by increasing traffic on tholr roi'da. One of 
the problems facing the Indian cities is tho eve r increasing 
travel demand resulting in traffic conge stion^ large travel 
times, high travel costs, accidents, crov/ded public transport, 
environmental pollution and poor conditions for pedestrians. 

One of the reasons for this can be attributed to poorly designed 
and Inoffeotlve traffic control measures i provided at the 
Interseotlons, Currently available analytical methods and 
computer programs offer excellent oapabilltles in designing 
efficient signal timings plan and optimizing offsets for the 
coordination of a series of signalised intersections# The 
TRANSYT**?^ Model is the most acclaimed and successful one, 
of such models currently used, and hence used for the present 
study. 

The main aim of the present study Is to evaluate the 
performance of the signalized intersections for various 
conditions of traffic flow as predicted by the model so that 
the Information can be used to design the best signal 
settings at the Intersections* In the first case study a 
three intersection urban corridor is considesmd and the impact 
of various flow parameters identified, such as flow level of 
traffic, approach speed. Intersection spacing, platoon 
dispersion factor (PDF) and signal timing parameter cycle 
length, on the measures of effectiveness (MOE) evaluated by 
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the model In determining the performance such as average 
delay, stops, fuel consumption, porforraanc© inflej: (PI) and 
the average speeds of the vehicles in the network are studied 
by performing sensitivity analysis. Another caso study of a 
higher magnl’iaAde problem, a six-intersection urban corridor is 
taken up and the analysis is carried out in the similar lines 
as the first case study. Graphs are drav^n between the various 
MOE and the parameter under study and the results are discusaod 
Also to ease the tedious and error prone process of inputting 
e large input data required by the TRAtlSYl'-?!?’ a user friendly 
interactive input program Is also devel oped. The results 
of the study are helpjPul in developing' b etter signal timings 
plan, better signal inter connection and smooth traffic 
operations. 



CHAPTER 1 


INTRODUCTION 


1J background : 

Most of the cities In India are growing at a faster 
rate there by Increasing the traffic on their roads. One of 
the problems facing the Indian cities is the ever increasing 
traffic demand insulting in traffic congestion, large travel 
times, high travel costs, parking difficulties, accidents, 
corwded public transports, environmental pollution and poor 
conditions for pedestrians. 

One of the reasons for the above problems can be 
attributed to the heterogeneous mixture of traffic on urban 
roads, ranging from slow moving noir»motorized vehicles to fast 
moving motor vehicles. The heterogeneous traffic which consti- 
tute oars, trucks, scooters, autos, public transport, buses, 
bullock oarta, riokshaws and cycle represent conslderaivie 
variations In their dimensions, speeds, acceleration and 
deoelleration oapahilities and other operating charaoteristios, 
These result in significant amount of vehicle interactions such 
as change In vehiole speeds, performing overtaking operations, 
stopping at intersections for want of green signal etc. 

Apart from the mixed traffic problems there are other 
problems associated with the system such as effective traffic 
control measures at the intersections. The control measures 
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are mostly Isolated fixed time signal control* The signal 
settings are not revised from time to time to cope up with the 
changes in tri^ffio demand. Moreover there is no proper oo- 
ordination of signals at successive inter sections ta> provide 
for smooth flow of traffic vflthout any stoppages as they pass 
through several intersections along a corridor etc, 

1.2 STATEMENT OF THE PROBLEM^ 

The increase in levels of traffic congestion along 
major urban signalized arteriale raalteo efficient traffic manageme 
and utilization of arterial facilities important considerations. 
Significant improvements in traffic flow' and reduotions In 
vehicular delay may be realized by adopting effective signal 
timing design methods and inter**conneoting Individual i isolated 
intersections into a QO**ordinated signal system. 

Current analytical methods and computer programa offer 
capabilities for designing efficient signal timing plans and 
also optimizing traffic signal co-ordination for a series of 
signalized intersection. Of all the computer package available 
TRANS1T-7F is oonsidelMd the most popular and the successful one 
In achieving the above objectives. Since the latest version 
of the TRANSYT-7F package has been available with the Institute, 
in the present work an attempt is made to Implement the package ; 

I 

for developing signal timings plan for a busy urban corridor. 

The evaluation of vehicle performance at the Inter- i 
sections, as predicted by the model, such as average de).ay, 
stopped delay, fuel consumption, performance index, average 
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delay^ speed of the netv/ork eto, oan be used to design best 
signal settings using the model. Since the mode), has not been 
tested earlier here. It is thought necessary to test the 
sensitivity of the model In predicting traffic performance at 
interseotions for various flow characteristics such as flov; 
level of traffic, speed of vehicles, spacing of intersections, 
and signal timing parameters such as cycle length etc. Since 
the model requires large input data and the coding of it is a 
tedious and error prone process, the development of a user 
friendly interactive computer program would help in solving the 
problem to a large extent, 

1 *3 SCOPE OF STUDYt 

The main aim of the present study is bo evaluate the 
performance of the signalized intersections considering various 
measures of effectiveness such as average delay, stopped^^delay, 
performance index, fuel consumption, book up of queue eto# as 
predicted by the model TRANSYr**7P# Honce the details of the 
present study can be described as follows* 

(i) The TRANSYT-*?? (version 2,0, release 4,1984) program, 
originally written in Ansi Fortran-66 has been updated 
in Its latest release with certain FOHTRAN-77 features. 
Because of the non-avallablllty of the above compiler 
with the I3EC-1090 computer system used for the present 
work, some minor modifications had to be made to the 
program to make it compatible with Dn;c-1090 computer sys 
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(li) TRANSYT-7P requires enormous amount of input data and 
coding the necessary input data is a tedious and error 
prone process, A self-explanatory user friendly 
interactive computer program is developed to solve the 
above problem to a large extent* 

(ill) To study the performance measure values at intersections 
as predicted by TRANSIT- 7? models a case study of a 
three intersection-signalised tuban corridor is chosen 
and measures of offoctiveneso omlycod for varying flow 
characteristics such a» flow level on links, speed of 
flow, intersection spacing, platoon dispersion factor 
and signal timing parameter such as cycle length etc* 

(Iv) To further study the impact of various flow 

characteristics, Identified as predominant by the 
model, as in the provious case study, a higher magnitude 
problem, i*e. a six-inter section co-ordlna'fced urban 
corridor is considered, and the sensitivity analysis 
performed, as in the pravioua case study* Finally the 
two case studies are compared and the results 
Interpretted, 
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CHAPTER 2 


TRAFFIC SIGNAL SYSTEMS IBSIGN 


2.1 INTRODUCTION! 


Time sharing interseotlons give the right of way first 
to one set of movements and then to another depending on the 
physical lay out of the Interseotionj the t 5 rp© of control^ and 
traffic demands* This form of control can be obtained either 
through antowatlc traffic signals or by police direction* In our 
present discussion most of the emphasis will be placed on traffic 
signals. Traffic signals are control devices which would alter- 
natlly direct the traffic to stop and proceed at Intersections 
using red, yellow and green light signals automatically. The 
main requirements of the ^raffle signals are, to draw attention, 
provide meaning and time to respond and to have minimum waste 
of time. 


The ma;3or emphasis In the criteria for signal control 

is the volume of traffic entering the Intersection and its 

crossing and turning movements. The oapwioity of a signal is® 

intersection depends on physical factors of the roads 

- infcorsootlon 

road way width, number of lanes, geometric design or 
and also the green and red phases of the traffic 

1 and control 

addition, the oapaolty is affected by oporationo-^ 
fadtorSf such as number of turning movements. ^ 


of commercial vehicles, pedestrian traffic. 


parking regulations, turn control, traffic 
and abutting land use. 




Vi 
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2,2 APPROACHES FOR TRAFFIC SIGNAL DSSIGM I 

Most of the popular design methods of signal titnings 
ere macroscopic in nature « Some apply analytical equations 
and some use excellent operations research techniques to arrive 
at optimum signal timings plan. But the basic ob;) 0 ctives of all 
of these, include most of the following considerations, 

- Minimum delay 
^ Minimum queue length 
*• Minimum probability of cycle failure 
* Minimum fuel consumption, 

Webster (19S8) , Webster and 'Jnrdrop (1962) and Webster 
and Cobbe (1966) made extensive analysis of traffic flow behaviour 
at intereeotions. They dealt with random nature of traffic flow* 

A set of formulae has been derived for calculations of average 
delay per vehicle, total intersection delay, aproximate cycle 
length based on minimum delay cons! derations, signal cycle splits, 
degree of saturation etc. The results were obtained from 
simulation study, continued with theoretical analysis and checked 
against field data, The delay formulae and its minimization are 
both approximate and the insults apply only when there is no 
oversaturation* Bone and Martin and Harvey (1962»64), Miller 
(1963*^1964) and many others have also derived formulae for 

I 

calculating optimum signal timings for an isolated intersection 
baaed on the use of delay as a measure of intersection performance 

AXlsop ( 1972 ) developed a method of finding signal setting 
that minimize the estimated average delay per unit time to all 
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traffic passing through the intersection , sub;3eot to certain 
constraints with respect to green tlme^ cycle length and approach 
capacity* An Iterative procedure is followed to obtain delay 
minimising settings* This method is also however applicable, 
only when there is no over saturation* A model for an inter- 
section which is over saturated during rush period la developed 
by Mayne (1979)* The model calculates optimum settings of 
signal timings, taking mean maximum queue size as one of the 
Important constraints* 

While designing signal systema for an urban traffic 
corridor or a road network the design of offsets between the 
signals are also important* Lot of research has also been done 
in this area for determining optimum offsets using various 
mathematical techniques* Hiller developed the continuation 
method, a procedure which calculates optimal offsets for series 
and parallel signalized networks using descrete- delay offsets 
function* Little (i960) used mixed mixed integer programming 
for computation of optimal offsets among the traffic signals 
of arterial ayatems, aiming at the maximization of band width 
for flow* 

2*3 OPTIMIZATlON t 

Many oomputerised models have been developed which use 
various optimizing techniques for determining optimal cycle lenH^tta 
phase length and optimal offsets* Models like SIGRID and SXGOP 
consider the flows on the links but do not compute global optimum^ 

I 

Mere random research technique is used for optimization of offsete 
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Robertson ( 196 ?) developed an efflciont computational programme 
baaed on combination method, CSastner ( 1972 ) used dynamic 
programming for formulating combination method* Gartner et al» 
(1975-76) made an attempt, to the problem of computation of 
optimal offsets and simultaneous optimization of all the control 
variables like offsets, Cycle time and green splits by using 
mixed integer programming technique, wMch alms at minimizing 
global delay on the network. This model is known as MITROP, 
Helmut (1975) developed a model for progresoively tlmedsslgnal 
system. The model employs optimization technique as maximization 
of band width which is a function of cycle length and speed. 

As discussed above there are many models developed for 
use in traffic signal designing. The most pox>ular and successful 
model, TRANSYT-TP has been used in the present wortc. This model 
Is based on the original model developed by Robertson ( 1967 ), 

It became popular and under***went a series of Improvements. The 
TRANSYT-'TP model determines optimum traffic signal settings for 
a fixed time control on a network, 

TRANSYT^TP program has two main elements** (l) the 
simulation, which Is used to calculate the performance Index 
of the network for a given set of signal timings and (li) optimi- 
zation routine, for traffic signal timings. 

The simulation model is macroscopic and calculates, for 
a given set of signal timings, on a link by link basis, the 
average expeotod behaviour of the vehicles, as they move through 
a network* It also takes into account the random behaviour of 
individual drivers, while computing average delay values. The 
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TRANSYT-model considers the arrival flow pattern at the down 
stream intersection, as a function of the upstream discharge 
pattern, displaced In time and speed, A platoon discharge 
algorithm, that simulates the normal dispersion of platoons 
as they travel down stream is used. The model simulates traffic 
flow in small time Increments, so its rox>ro3ontation of traffic 
is detailed than other macroscopic models, tliat assume uniform 
distribution with in the traffic platoon. 

The optimization routine of the model, calculates an 
optimal set of offsets and the phase lengtn for a given cycle 
length, by minimizing an objective function known as the perfor* 
manoe index (PI), PI is a linear eorablnatlon of delay and stops. 
The model assumes that the vehicles that are delayed are also 
stopped. This assumption is made to properly model *slow down* 
when the vehicles actually do not stop. The optimization method 
employed Is the hill climbing technique which iterates over the 
networic to attain optimum values of offsets and phase lengths. 

Signal timings are usually developed with primary 
emphasis on minimizing delay, but fuel consumption is often 
included as one of the design criteria* The TRANSYT**?? also 
inoludes e model, which oaloulatas the fuel consumption in a 
co**ordinated fixed time-signal controlled netwosit* 



CHAPTER 3 


transyt<*7F model 

3.1 PRCmAM OVERVISW < 

The TRANSYT model was developed by Mr, Dennis I, Robert son 
of the U,K, in 1967* The first version wag written in maohlne 
code and converted into FORTRAN and later the |)rograiB has 
undergone several change e and improveraeuts over the years. 

The present version of TRANSYT-TF is based on the version 
TRANSYT-7 (1978) developed by TRRL (Transport and Road Research 
Laboratory)* 

TRANSYT"‘7F is a macroscopioi detei’mlnlstlc simulation 
and optimization model* The program oan be used for both analysi> 
(simulation) and design (optimization) of alternative fixed-time 
signal control strategies* The prograra has modular oonstructlon» 
with each subprogram serving a specific f^anction. There are a 
total of such subprograms* Each subprogram oan be oategorizedl 
in one of the following major program functional areas* 

• Preprocessor input processing 

- Model ** simulation and optimization submodels 

- Post processor - output processing* 

I 

Preproeeaaort The primary function of the preprocessor Is 
to read the Input cards and process them^ The second major 

i 

function of the preprocessor is to generate a series of link 
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Figure 3.1 TRANSYT-7F FUNCTIONAL PROGRAM STRUCTURE 
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trees that determine the order in which the links are to 
bo optimized. The third function of the preprocessor is to 
generate « initial signal timing phase lenjsths if they were 
not supplied by the user, 

ModeH This section which is the main section of TRaNSYT 
program contains the traffic simulation submodel (SUBPT), 
the optimization submodel (HILLCL), and a suppor*t routine 
(MODUL), 

The sequence of events for an optimization run is as 
follows t 

1 * An initial timings plan is input by the useri or the 
program generates initial offsets and phase lejagths 
If requested by user, 

2, Subroutine 3JBPT simulatSs traffic flow and calculates 
the performance index (PI) for the initial timing plan* 

3* Subroutine HILLCL varies the offset at the first signal 
and calls SUBPT to recalculate the network PI* It 
will continue to vary the offset at this signal as 
long as the PI is reduced, 

4* The model proceeds sequentially through all the signals 
for all the variations of the offsets and phase lengths 
Inputp attempting to locate minimum PI* 
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Post Processors The primary ftmotion of the post processor 
Is to output the results. The outputs Includes tho performance 
(P«T,),» stop line flow profile plots, signal controller 
timings settings and time space diagrams, 

TRANSYT-7P functional program struc‘ture is as shovm 
In Pig, 3,1, 

3,2 BASIC APPROACH: 

3.2,1 TRAFPIC FLOW MODEL t 

The most important aspect of the simulation of traffic 
along the signalized streets is the manner In which the traffic 
flow is modelled, Oonsider a single lane of traffic with a 
standing queue at the inter section waiting for the green display 
Following the phase change to green for this llnk^ there is a 
slight delay hefoj'e the driver of the first vehicle reacts 
and crosses the stop line. This is the start up lost time. 

After several vehicles have crossed the stop line usually 
three f the queue 'begins to discharge at a essentially const rant 
rate. This is the saturation flow rata. This is illustrated 
in Plgii 3,2, In the upper part of the flgur©i the vehicle 
trajectories depicts the vehicles location in time and apace. 

All the vehicles are stationery until a time tj, when green 
display occurs. The start up lost time is L, after which the 
vehicles cross the stop line. 



Time 
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FIGURE S.a. SIMPLIFIED REPRESENTATION OF TRAFFIC ’FLOW FROM A STOPPED QUEUE 
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FIGURE 3.3: SIMPLE CfSE OF PLATOON DISPERSION 
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@noe the signal changes from yellow to green^ still 
some vehicles continue to pass through the Intersection* 

This utilization ot clearance interval is the extension of 
the effective green time known as *E% Thus the effective 
green time la the green time minus the start-up lost time 
and extension Into the effective green, 

Vfhen the effective green time is divided Into start* 
equal intervals of time known as steps, the number of 
vehicles crossing the stop line In each step^ la the flow 
rate in vehicles per step. The vehicle crossing tines at 
the stop line ar® projected to the lower part of the figure, 
and the flow rate in vehicles per stop Is plotted as a 
histogram. This Is the vehicular departure profile. The 
flow rate will be rectangular* and the maximum flow rate when 
converted Into vehicles per hour, gives the saturation flow 
rate. In reality far fewer vehicles will actually cross the 
stop line, due to alternating green and red displays, lost 
time, and usually leas demand than capacity* 

As a queue becomes a moving platoon It tends to disperse* 
or spread out, the farther down stream It travels as shown In 
Fig, 3,3, This Is due to tendency of the drivers to maintain 
sale headways or spaclngs between vehloles, Because the 
flow la restricted by the lead vehicle, the platoon disperses 
back from the lead vehicle, TRANSYT models the dispersion of 
these platoons as they progress along the link. 


m 
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FIGURE 3 A 
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For each time Interval (step)^ t* the arrival flow 
at the down stream stop line Is found by 

> F X + [(1-*F) X q* (t+T-1)] 

I * ' 

r ^ 

predicted flow rate In time Interval (t+T) 
of the predicted platoon 
flow rate of the initial platoon during 
step H* 

0,8 times the free travel time on the llrik 
a smoothing factor whore, 

1 

F a 

1 + Tflt 

* 0 ;* Is a emplrloally derived oonstant» 
called the platoon dispersion factor, 

This PDF will vary to consider site speoiflo factors 
such as gradeSi curvature, parking, opposing flow interference 
and other souroee of Impedance, default value taken by 
program la 0,35, which has been found by researcher, to 
best represent measured dispersion on typical urban streets, 

The interaction of arrivals and departures is as shown 
in Pig* 3,4* Platoon A disperses aiid merges with platoon B 
showing multiple dispersions of platoons. The upper profile 
at node 2 is the arrival pattern on the Incoming llrik at this 
node. The lower profile at node21s the departure pattern of 


where. 


q* (t+T) 


q'(t+T) n 


^t 


T 

P 
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the out going link at this node. With phasd time of node 2 
added to profiles, a queue builds up until the onset of green 
for the incoming link. After a short period of start up lost 
time, the queue discharges at saturation flow rate until It 
is discharged completely. There after for the remaining 
duration of the effective green, the departure profile Is a 
mirror image of the arrival profile, as would be expected. 

The blank area betvreen the histogram and dashed line represents 
the unused capacity* The above series of examples demonstrate 
the traffic modelling concept of TRANSYT-7)?* 

3,2*2 DELAY AWD STOPS ? 

The delay model of the TRANSYT program is based on the 
Webster *6 model. This Is a three component model given by 

D - + Dg 

Where, D « total delay 
D^ m uniform delay 
0 random delay 
Dg m saturation delay* 

The uniform delay component is the delay due to the 
recurring cyclic demands and stops* It Is calculated by 
averaging queue length over the cycle. Random delay component 
take oare of the delay due to the random arrivals of traffic. 
The last oomponent, d^, is an enplrioally derived adjustment 
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which ad^luflts the sum of the uniform and random elements 
to confirm more closely to the measured delay. The and 
Dg components are based on the Webster's model but corrected 
for the condition when degree of saturation approaches 
unity. This Dg and components are primarly Ihnotlon of 
degree of saturation and period length, V/hen the degree of 
saturation exceeds 1,0 (100 i>ercent) the random and saturation 
delay Increase very rapidly as the period length Increases, 

The TRANSyT'*7P estimate of delay stops Is as shovm in 
Fig. 3,5. 

The number of vehicles stopped is equal to the number 
of vehicles arriving while a queue is present. If the delay 
to such vehicles are too small only partial stops are counted, 
TRANSYT-7F assumes that all the vehicles that are delayed 
are also stopped. This is not always true but it is done to 
properly model 'slow downs' when the vehicles actually do not 
stop. Vehicles would experience 'stops' that might be only 
speed change cycle ^ with out complete stops, TRANSYT assumes 
that such vehicles momentarily atop and oalculateB the 
effective stops by filtering algorithm, Studies by TRRL 
suggest that short periods of delay oan be expressed as 
fractions of stops for the vehicles affected. Bmplrioal 
studies by TRRL produces the relationship between the 
peroentage of stops and length of delay as shown In Fig. 3,6, 
TRANSYT-7F has the inbuilt facility to generate this reduction 
of stops. 
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FIGURE 3.6: REDUCTION OF STOPS AS A FUNCTION OF LENGTH OF DELAY 


3.2.3 FUEL CONSUfTPTION MODEL; 


The model predicts the fhel consumption based on the 
measures of effectiveness produced by TKANSYT sinnalation 
model. The model), is 

P « Kj TT + Kg D + K3 S 

where, 

F « fuel cAneuaed In Litres/ hour 
TT M total travel In veh-'kin/hour 
D *» total delay In vehicle- hour s/hour 
S w total stops, In stops per hour 

« co-effioients of regression, vrhich ax*Q functions 
of free speed. 

The parameters of TRANSYT-7P fuel model were estimated 
from experiment studies under typical urban conditions. 

The resultant data wore analyzed by stop wise multiple 
regression and the model resulted. 

The limitations of the model are 

1 • The model parameters were determined from studio a 
conducted with only one test vehicle but the model 
co**Qffiolent6 were adjusted to be representative of 
average vehicles# 

2, No explicit consideration was given to factors such 
as congestion, vehiole mix, geometrio environmental 
factors suoh as road gradient, curvature surface 
quality^ temperature and other factors# 
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3,3 TRAFFIC SIGNAL TIMING i 
3*3*1 INTRODUCTIONS 

The network of streets and intersection is represented 
by a node/lirik identification soheme in TRAWSYT'-TP* A node 
is an Intersection and a link is an wnl directional section 
of road way connecting two nodes, TRANSYT^TP can analys® a 
network of 50 Inters© ctlono and 250 links in a single run, 

TRANSYT-7F only deals vdth pr© timed control. Cycle 
lengths Varying from 30 sec, to 300 secs, can be input and it 
has the capability of evaluating a ran^^c of cycle lengths and 
selecting the best cycle length for the network, TRANSYT-7P 
allows for a double cycled signals , whore given controllers 
operate on a * cycle* that is one half of the system oyole 
length* In TRANSYT*-7P a maximum number of 7 phases* can 
be trio4,'out in a single cycle* 6 being vehicular traffic 
phases and an optional pedestrian phase being the ?th , 

Various phase sequences may bo tried out but the phase sequence 
for each tried run is a user input and no default value 
Is generated. 

The offset is normally a time from a system reference 
point to the beglning of the cycle at each of the signal 
controllers in the system. Offsets are generally determined 
so that« to the extent possible traffic can flow through a 
number of signals without stopping* TRANSYT*'?®’ can explicitly 
optimize offsets and phase lengths for a given oyole length. 



3.3.a PERFQRMATO INDEXt 


While optimizing TRANSYT-7F minimises an objective 
jEUnctlon called the performance index (PI)* The PI is a 
linear combination of delay and stops and la expressed as 
follows 

n 

PI . 4 (dj^ + K 3^) 

1*1 

where ^ 

d^ « delay on llrik 1 ( n links) in veh-hrs, 
n stop on link i in stops/ sec* 

K * a user input co-effloient to express the 
importance of stops vehicle to delay* 

Values of *K* between 20 to 50 have shown to produce a good 
balance between stops and delay and tend to minimise fuel 
consumption* 

3*3*3 OPTlMIZATIOtH 

As discussed earlier TRANSYT*'7P can explicitly optimize 
phase length or offsets which ever Is specified or both In 
a given single run* The optimization technique used In 

TRANSYX*7P is referred to as a ♦Hlll-*cllmbing* technique, I 

[ 

This is an tterativOf gradient search technique that requires 

i 

extensive numerical computations by the computer* 

The following steps are followed for offset optlmizatlont! 

1* An initial signal timing plan is simulated by TRANSIT-'?*' ' 

1 

traffic model and the initial PI is calculated* 



At signal *1*1 the offset Is increased by an amount 
specified on the optimization step size list Input 
by the user (or) generated on its own by TRANSYT*$*P* 

The resulting traffic flows are re-simulated on dovm 
stream links, subject to the sensitivity parameter 
threshold values, and a new PI Is calculated. 

The new PI Is compared with the previous value (i,e, 
before the last signal timing change) as follows! 

a) If the new PI Is less than the previous value, the 
program continues to Increase the offset by the 
same amount, as long as the PI continues to decrease 
When the PI again increases, the program goes to 
step 4* 

b) If the new PI Is greater than the previous value, 
the program will decrease the offset by the same 
amount and continue to decrease the offset by this 
amount as long as the PI continues to decrease, 

When the PI again increasesi the program goes to 
step 4* 

When no ihrthex* Improvement Is made varying the offsets 
at the signal, the model goes to the next signal and 
begins at step 2 with same optimization step size. 
Changes in the offset are examlnedi'at each signal In 
the network In turn for the same optimization *step size 
Steps 2 to 4 are repeated for all the optimization step 
sizes specified. 



Performance fndex 
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Offset (sec) 

FIGURE 3.7 ILLUSTRATION OF THE HILL-CLIHB PROCESS 
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The concept of optimization aitap size Is best explained 
here In the following example. The step sizes are as shown 
In Pig, 3.7 being Sg, This la the list of 

optimization step sizes. For the first step of the hill 
climbing process, change in offset is a medium sized step 
of about 15 percent of the cycle. This changes the offset 
from the Initial offset of zero to 0^ , The PI Is clearly 
lower, so 0^ Is better. Add again, wiilch has the same 
result, so Og is the new offsdt. Adding again results In 

an offset of Oj, but liere the PI Increasos, so the ^best' 
offset thus far* Is Og, 

Let the next offset step size, be small, say one 
second. When Sg is added to Og, the PI Increases, So the 
direction is reversed. Clearly the offset will continue to 
* Improve* until the valley of the curve at 0^ la eventually 
found. This Is the ‘best* solution thus far, but is not clearly 
the optimal solution, 

Hextf use a lar^ offset step size, or about 40 percent 
of the cycle, Sj, The PI at the resulting offset, Og la 
lower than before, so the search has *e soaped* from the 
'local* minimum. Adding would get the search back Into 
the first peak of Og, so 0^ la retained. 

Finally repeat the series of small step size aearohes 
using and the best solution will be eventually found at Oy, 
Although the 'best* solution Is found in this example it is 
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not so always. However TRAl^YT-?? always produces a good 
signal timing plan. 

3,3#A CYCLE LENGTH SELECTION; 

Cycle length selection can he automatically accomplished 
In TRANSYT-7P. If the minimum and the maximum limits of the 
cycle length and a cycle length increment are input, the 
TRANSYT-7F optimizes offsets and phase length as described 
earlier for each and every cycle length between the minimum 
and the maximum levels at the levels of increment and selects 
the best cycle length, that being the one v;ith least value of PI# 

3,3,5 MERITS AND DEMSRITSt 

TRANSYT-7P Is one of the most popular models currently 
In uso almost through out the world, in developing optimal 
signal timings plan for an urban road network. 

The popularity of It is attributed to its success in 
effectively optimizing signal timings plaiis, resulting in 
improved traffic flow and also reduction in stops, delay and 
fuel consumption, 

TRANSYT-^TP can be used to oho ok the performance of 
the existing signal timings plan by malcing a simulation run* 

Also at the same time %. alternative optimal timings plan can 
be developed by making simulation and optimization run. One 
more feature is its flexibility to analyse various phase 
sequences, cycle lengths or geometric configurations. According 
to reports [Traffic Engineering and Control •• October 1985] 
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available from the survey conducted through out the world, 
on the usage on TRANSVT-7F, optimal signal timings plan 
developed using TRAWSYT-7P reduced stops and delays to a 
appreciable extent* This meant reduction of travel time 
through out the system and hence the fuel consumption* 

One more excellent feature of TR^NSYT-?? la the clarity 
of the program, especially the outputs, feiving performance 
tables and signal controller timing tables* 

Regarding the demerits, according to the reports 
available (Traffic Engg* and Control, Oct, 1965) from the 
survey, on umxa&B at TRANSYT-yP, the biggest problem 
has been the difficulty in collecting the excessive amount 
of data required by the program* Coding such data is a 
tedious and error prone process* 

Also the program requires large memory and computer 
time and in making several runs, which is quite common, results 
in a very costly affair* 

Inspite of the above draw backs it can be said that, 
it is the most successful computer .‘^lodel available at present 
for designing signal timings plan for urban road network , 
and henoe used for the present work. 



CHAPTER 4 


PERFORMANCE STUDY OP INTERSECTIONS 

4.1 SCOPE OF STUDY ? 

In the present study it Is planned to analyse the 
performance of the signalized co*ordlnated fixed time control 
Intersections for various conditions of flow of traffic on 
urban roads^ as predicted by the TRANSYT*-7F Model. In order 
to evaluate the performance of the model for various flow 
parameters such as volume of traffic approach speedj, inter- 
seotlon spaolngi cycle length etc* a sensitivity test^ is 
performed considering two case studies* An urban consider 
with three coordinated signalized InterBootlons Is considered 
in the first case study where as in the second case study a 
higher magnitude problem l.e, a typical urban corridor with 
six coordinated signalized Interseotlons is considered* In 
view of the large Input required by the program a user friendly 
Interactive program has been developed for the entire input 
data of TRANSYT-7F* 

4.2 IMPLBMBWTATIOW OF TRAN3YT*7Ft 

In order to Implement the TRANSYT**7F program (version 
2*0^ Release 1984) on the DEC**1090 computer system, certain 
modifications had to be made to the program to suit the DEO 
FORTRAN COMPDLER, The TRANSYT program Initially written in 
Ansi FORTRAN 66 has some FORTRAN*?? features in Its latest 
release* since the DEC system hare at the computer centre 
has no FORTRAN*?? oompneri all the character statements 
bad to be modified to suit the available FORTRAN* IV COMPILER* 
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/ W TYPE 9X [TERMINATION 

TYPES 60-61 (aDDL. PLOT CARDS* 
TYPE 61 PLOT LINK LIST* ' > 

fpLOTTITLE' \ 

4^ TYPE 60 [tiME-SPACE PARAM.* \ ' 

/ TYPE S X) RUN CARD ^ 

TYPE^^W PROFILE PLOTS*^ 

TYPE 39 I^T. DISPERSION MOD .^ 

TYPE 3b|^TOP penalty MOD/"^ 

r - A Y J 

TYPE 37 [DELAY WEIGHT MOD. * 

TYPE 36 fpLOW MULTIPLIER* ^ M 


/ TYPE 36 1 SPEED MULTIPLIER*^ 
TYPES-28.-29 / . - _ 


BOTTLENECK LINK DAI 


TYPES 1X-29 


TYPES 28, 29 [lINK DATAIi CONTInT^ 

^ TYPES 2X, 2 Y |PHAS£ TIDING & CONT IN. 
^ TYPE 18 jcONTR. TIMING (CONT'D) Y 
f TYPE IX |cONTROLLEf\ TIMING ^ ] 
TYPE 10 1 NETWORK MASTEr'^^^A ^ 

TYPE 7 [shared STOP LIN^S* ^ _ 

TYPE 6 1 SENSITIVITY PARAIV\T\ j _ 
TYPE 5 [STOPS REDUCTION* \ ] 

TYPE 4 [opt. step SIZES* \ I 


TYPE 2 Inode list* 
TYPE 1 control CA^ 
I RUN TITLE 


'Optional Cards 


FIGURE 4-1 ;TRANSYT-7F DATA DECK STACK 
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Also the entire structure of the read statements had to be 
modified through out the program. After the above modifications 
the program is run and checked against inputs and outputs 
supplied along with the program, 

4*3 INTERACTIVE INPUT PROGRAM ^ 

The large input data requirements of TRANSYT program 
makes the coding of the necessary input data a cumbersome and 
error prone process. The TRANSYT- 7F input data deck is as 
shown in Figure 4*1. For every run a maximum possible 24 types 
of cards, and on each card sixteen data fields or items can 
be input. Some of the cards are compulsory and the others 
optional* A self explanatory v.a«r friendly interactive 
program has been developed to code the input data, and to 
make the user understand the various Input variables required 
by the program* Also the program requires the user to input 
the data in the following fixed order. 

Run Title Cards 
Network Control Data Cards 

- Node Siwciflc Data Cards 

- Modifier Cards 

* Plot oards 

- Run Termination Card 

The program developed takes care to see that data 
Is Input In the above order* The interactive program also 
apprlJieB the user of the flexibilities offered by the program 
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in making various types of runs such as the simulation runs, 
optimization runs, input data check runs etc* also the 
unique facilities offered by the program In the form of 
modifier Input cards* 

Tlw program also gives the user an Idea of the 
range of values of various variables used by program and 
then default values , when Input Is ignored, wherevever 
necessary* The main aim of the program is to enable the 
strange user to understand the details and coding requirements 
of input variables sitting sight before the computer terminal , 
saving him the time of going through the manual for each and 
every minute detail* The structure of the program Is briefly 
described below in the following steps ( 

(1 ) First of all an explanation of the card type and 
type of data to be input are given* 

(2) If the card Is o|)t&onal the choice of usage Is given 
to the uaer^ and If compulsory the program asks for 
Input before proceeding further* 

(3) Explanation of each variable In enoh card, their range 
and default values, are also mentioned, while 
receiving tue input of the variable* 

(4) The program writes the data so input on the terminal 
In a free format, In a fixed formatted out put file 
whloh la linked to the main program, the TRANSYT'^TF, 
while executing It* 
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The interactive program is around 1500 lines of 
code which gives an idea of the enormity of input required 
by the TRANSYT-yP program for each run* A sample of the 
explanation given and input asked , while in execution i«e. 
on the terminal put put, is as shown in Appendlx-A, 

4,4 CASE STUDY * I i 

4*4*1 DESCRIPTION i 

The purpose of the present study is to analyse traffic 
flow performance characteristics of coordinated fixed time 
control Intersections by using the TRANSYT»7F model, and 
testing its sensitivity for various flow conditions of traffic 
on urban roade * The road data and the traffic data are all 
assumed and no actual field study has been done to determine 
them* ’But the data are so assumed so as to represent actual 
road and traffic flow conditions on the field* 

In the present problem a busy urban corridor with 
three coordinated signalized intersections is considered* 

The major and the minor corridors are both of 4 lanes each, 
two lanes serving for traffic in each direction* A three 
phase fixed time signal control is considered at each of 
intersections* The following parameters of traffic flow which 
are inputs to the TRANSYT-yP model, are iddentlfied for 
performing sensitivity analysis, to study their impact on 
the performanoo of intersections as evaluated by the model* 



TABLE 4.1 : DETAILS OF INPUT DATA- SSt>3SITIVITY ANALYSIS - CASS STUDY 
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They are* 

- Signal oyole length 
Volume of Traffic Plow 

- Approach Speed 

Spacing of Intersections (Link Length) 

-► Platoon dispersion factor (PDF), 

The impact of cycle length on the performance of 
signalized Interseoticns, as determined by the TRANSYr-7F 
model la studied at flow level of 500 VPH, speed of flow of 
30 kraph^ link length or Intersection spacing of 500 m and 
PDF values of 0,35* The signal cycle length is varied from 
45 seconds to 70 seconds with a step increase of 5 secs, for 
every TRANSYT-yP ran. The variations in the measures of 
effectiveness (MOB) such as average delay, percent of vehioles 
stopped per hour, performance indes* , average speed of travel 
of vehicles In network^ fhel consumption that determine the 
performance of the intersection are studied. 

Similarly TRANSYT**7P runs are made to test the 
sensitivity of the model for varying conditions of flow 
level, approach speed, link length and PDF, Each time one of 
tlM above parameters is siaried with a step increase in every 
run, for particular flow values of other parameters as clearly 
indicated in Table 4,1* In each of the above runs the beat 
cycle length Is evaluated In the range 4CK70 secs , with a 
step size of 5 seos^ for that particular value of the varying 
parametSr under study. In all the above cases graphs are 




FIG.4-2 LAYOUT OF THREE INTERSECTION CORRIDOR 
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plotted, between the parameter of Interest under sensitive 
study and the various MOE, and the effects are analysed 
regarding the behaviour of the model in predicting the 
intersection performance* 

^,4,2 INPUTS: 

The Inputs for the TRANSYT-7P model fall into four 
general categories as given below: 

Network data 

Signal timing parameters 
Geometrlo and traffic data 
Control data and parameters* 

Network data : These data describe the network in terms 
of Interaeotions (nodes) and links (streets). The entire 
corridor is precoded into a system of nodes and links* 

In the present case study the corridor with three 
intersections of ma^Jor and minor streets Is divided Into a 
system of 5 nodes in all and 8 links at each intersection* 

One link is assigned for through movement of traffic and 
left turning traffic and another link for right turning 
traffic seperately in each direction of traffic* The nomen- 
clature used in numbering the links at intersections is as 
shown in the Fig* 4,2* 

Signal timing par^ters I Traffic signal timing parameters 
are cycle length# phase length# phase sequence# minimum se 
durations and offsets* 
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In the sensitivity analysis conducted on all the 
parameters I oyolo length between 35-70 secs are Input* so 
that cycle evaluation is done for cycle lengths In that range, 
with an Increase of 5 seos each time. The start up lost time 
and extension of effective green Input are 4 sees arul 3 secs 
respectively, representing conditions of traffic in which, 
drivers avoid fast starts and close headways, 

A 3-phase signal control is chosen at each of 
Intersections, The right of way for movoraont of traffic 
la along links 101 and 103 during Phase-1, During phase-2 
and phase - 3 it is along links 105, 106, 107, 108 and 102 
and 104 respectively. An sail red interval of 5 seos is also 
provided for pedestrian crossing of traffic during each cycle 
length, A minimum phase length of 15 seos for phase *1 and 
10 seos for phase - 2 and phase -»• 3 Is only provided and the 
final settings are calculated by TRANSYT-7P for the bast cycle 
length, 

Qeoinetric and traff ig_ Aatai These data include the link 

lengths, saturation flows, approach speeds and traffic volumes. 

The llrik length Input In this case study varies from 
250 m to 1500 m at steps of 250 u during various runs. This 
is because in urban cities in India the spacing is usually 
in this range and more so on the lower side of it. The lirik 
length of minor street is 250 m always* 

The saturation flows input are 1700 veh/lane for 
through moving trafflo, and 1600 veh^lano for turning traffic, 
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TABLE 4.2 : SIGNIFICANCE OF PDF VALUE 


Value 

Roadway 

Characteristics 

Description of Conditions 

0.5 

Heavy friction 

Combination of parking, mode rate 
to heavy turns, moderate to 
heavy pedestrian traffic, narrow 
lane width. Traffic flow typical 
of urban CBD 

0.35 

Moderate 

friction 

Light turning traffic, light pede- 
strain traffic, 11 to 12 foot 
(3,4 “ to 3.6 meter) lane, posaiblj 
divided. Typical of well-deslgnec 
CBD arterial. 

0,25 

Low friction 

No parking, divided, turning 
provisions 12-foot (3,6-meter) 
lane width. Suburban high type 
arterial. 
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to simulate the normal average drivers pattern. This la taken 
from TRANS YT-7F users manual (FHWA, U,S,A, , 1981), The volume 
of traffic In each direction on major streets input are in 
the range 200 •• JOO veh/hour to represent off peak period, 
normal and peak period traffic flow conditions. The distri- 
bution of traffic over the links of the corridor Is done, 
in such a manner so as to represent real field conditions. 

The average flow of traffic input is 500 vot/hour. The flow 
on major street is always twioe on that compare^ to minor 
street as is considered. 

The speed input is in the range 25-50 Icmph in the 
case of speed sensitive study where as for all other runs 
it is 30 kmph, which is the average speed expected on Indian 
urban roads under normal conditions. 

The value of stop penalty used in the calculation 
of PI is 25, This Value between 20 and 50 has shovm to 
produce good balance between delay and stops and also 
minimise lUel consumption according to the experiments 
conducted as reported in TRANSYT-7P manual. The value of 
PHE* input is 0,25, 0,35 and 0,5 so as to represent, all road 
oharacteriatios and traffic flow conditions in different runs, 
The significance of the above PDF values ia as shown In 
Tg^ble 4,2, 

Control data and parameters * Control data indicate those 
actions the user desires the program to take, The options 
chosen are optimisation runs, selection of phase length, 
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oyole evaluation summary, printing of final performance table, 
metric units, and controller timing data. Also the tlrae- 
epaoe diagrams and stop line flow profiles are plotted for 
certain particular flow level, speed etc, 

4,4,3 OUTpgTl 

The various outputs by TRAMSyT*'?!^' are, 

- Input data report 
Cycle evaluation summary 

- Traffic performance table 
• Controller timing data 

•• Stop line flow profile cards 
Tlme-'space diagrams. 

The output of TRANSYT»*7F for a nartlcular run with 
flow level 500 veh/hr, approach speed of 30 kinph spacing 
between the intersections being 500 m and PDF value of 0,35 
is as shown In Appendix B, 

I nnut data report < Input data report i a hows the input data 
as they are Input, but with appropriate headings to Indicate 
what the data Values are as shown In Appendix B , Table B,1, 

Cvol^e evaluation summary < Cycle ©valuation summary la output 
for the cycle length range input l,e, 55’-70 eocs with a step 
Increase of 5 secs. The best cycle length Is ohoaen on 
the basis of PI value which Is a function of delay and stops* 
The cycle sensitivity indicates how fituoh the M*0*E»s are 
sensitive to the changes In cycle length over the range of 
cycle lengths evaluated as shown in Table B*2* 
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Performance table t A table of measures of effectiveness 
(MOE) is printed, with the MOE indioatecl for each lliAi, 
Bubtotatled by Intersection and aggregated for the entire 
network. The various important MOE printed are (Table B*2), 

• Degree of saturations percent saturation of each link 

• Total travel- the total veh-km per hour of travel 

- Delay ■“ uniform, random (plus saturation) and 

total In terms of vein hours/lu* and average 
delay In seconds per vehicle, 

• Uniform stops *• stopa/hr and x>ercent of vehicles 

stopped, 

- Maximum backup of queue and queue capacity- 
number of vehicles* 

- Pool consumption - the total number of llt/bour« 

- Performance Index - the optimization object value 

function* 

The MOE values produced by the program reflect the signal 
timing plan developed by the program and the input data* The 
HOE values relate the signal timing plans effect on the ,j 

I 

traffic performance on each link of the network, 

Controller settings » A completely formatted table of controller 
timing Bettings Is given for each controller* The format 
provides for the direct implementation of signal timings 
on the field* The phase lengths in seconds and percent of 
cycle and the offset at each of the intersection and the 
lane given right of way in each of phases are also very 
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4/f 

olearly Indicated* The controller setting table for a flow 
level of 500 veVhr and speed of 30 kmph Is demonstrated in 
Table B*3* 

Stop line flow profile plot t 

This prints a histogram of the arrival and departure 
rates during a signal cycle on a particular link* The plots 
reflect the arrival and departure rates oc a f^jncti on of effective 
grain* A flow profile plot at 500 veVltc* flow is shovm in 
Pig* B*1* The symbols used ai'e *I**»S' and *0* and they are 
explained in the Pig. B*l, The maximum flow value plotted la 
the saturation flow rate. The mean modulus of error (MMB) 
is estimated for each generated plot. The is a measure 
of deviation of arrival flow rate from the average flow rate 
and Is a number between 0*0 and 2,0, A uniform flow would have 
an MME of zeroi while an high MME value would Indicate strong 
platoonlng of traffic. At high MMB value ^ the coordination of 
the signal system would be beneficial* The MMfil values shown 
in Fig, B,1 are for links 103 and 104* 201 and 202 being 0,39 
and 0,29* 0,42 and 0,25, The MME values indicate that flow is 
almost uniform. 

Time apace diagram! TRANSYT*^7P model produces a apace 
diagram (Fig* B,2) for any continuous series, of links. The 
offsets reflected In the tlrae-spaoe diagram are referenced to 
the master controller# at Intersection 1 as in the present case, 
(Bha progression bonds can be drawn on time space diagram for 
progression analysis* 
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4.5 DISCU3SI0K OF mSSULTfl FOR CASE STUDY % i 
4.5.1 CYCLE LENGTH ? 

The oyole length Is varied in the range 40->70 seconds 
with a step Increase of 5 seconds for ©very run where as the 
flow at 500 VPH, speed at 30 kmph« link length at 500 m and 
PDF at 0.35 are kept constant in all the runs In this particular 
case. 

Best cycle lengths The cycle length Is varied and performance 
Index which Is the ohjeotlve function for optimization and Is 
a oomblrAtion of delay and stops Is evaluated for every run. ' 
Now as the cycle length Is increased from 40 seconds to 70 seconds 
the average delay decreases from 29.30 secs/veh at 40 <4Jsoo«‘Js 
cycle length to 18.43 secs/veh at 55 secs and then again Increases 
to 17.89 seo/veh at 70 secs oyole length* The average delay 
is minimum at 55 seos cycle length as seen from Pig, 4,3 and 
Table 4,3 where all MOB are tabulated, 

TRANSYT-'TF also models stops, and every vehicle that 
gets delayed Is assumed to stop^ although full stops are not 
assumed for vehicles encountering smaller delays. Now as gseen 
from graph (Fig, 4,4) the stops decrease as cycle Xen^h Increase, 
reach a minimum value and then Increase, The mlnlnnim val4e of 
stops le 67 percent at 58 secs cycle length as seen from graph 
In Fig, 4,4, 

Now the performance IndeA which as seen from graph In 
Fig«4,5 also decrease as oyole length Increases , reaches a 
minimum value and then starts increasing again. 
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The cycle length for which the PI Is minimum is the best 
cycle length* In this case it is 55 secs at 500 vph and 30 kmph 
approach speed* 

Now as seen from graph (Fig* A* 6) the fuel consumption 
decreases with increase in cycle length reaches a minimum and 
then starts increasing again* The fuel consumption Is the 
minimum at 55 secs cycle length l*e* at the best yycle length, 
being 297*22 llt/hr, as seen from graph. 

The average speed of all the vehicles in the network 
that which is actually possible also follows the same trend 
l,e, it is the best value or the highest at best cycle length 
being 22*82 kmph. The average speed increases as cycle length 
increases until best cycle length and then starts decreasing 
again as seen from graph in Pig. 4*7* 

As seen from above we oan conclude that at particular 
flow conditions the MOE are beat at optimum (or) best cycle length, 

/PLUMS OF TRAFFIC * 

Volume is increased from 200 vph to 800 vph 
in aaoh direction at steps of 100 veh/bour for every run and 
the other parameters^ approach speed, link length and PDF are 
l:ept constant at 30 kmph, 500 nt and 0,35 respectively* For 
every particular flow level the cycle length is evaluated in 
the range 35^70 sacs, the best cycle length is chosen and all 
the MOB evaluated correspond to that cycle length at that flow 

( 

level* the resultsi^are tabulated as shown in Table 4*4* 


TABLE 4.4: FERPORMANCE TABLE - VCLUriE OF FLOW IMPACT STUDY 
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The best cycle length increases as flow level Increases 
froM 200 vph to 300 vph. For flow levels from 300 VPH to 700 vph, 
it is constant and again increases as the flow level increases 
so i6 J* flow level of 300-700 vph possible in normal and pea|f 
hours 55 secs Is the best cycle length as seen from graph in 
Fig. 

Average delay la the least at 200 vph and it starts 
Increasinc as the volume or the flow level Increases to 800 vph 
as shown by the curve In Pig, 44,9* The curve is steeper 
initially, then the slope decreases in the range of 300 vph- 
600 vph and again becomes steeper from the their on^as flow 
Inoreases, 

The percent stops also increase as the flow level 
increase as seen:f!'from graph in Fig* 4*10, until 700 vph, and 
after wards shows a decreasing trend* The rat© of increase 
in stops is higher initially, then It decreases slightly at 
flow levels between 300 vph and 700 vph* 

The PI as seen from the graph in Fig* 4.11 increases 
linearly altaost as the flow level increases from 200 vph to 
000 vph* The fuel consumption also Inoreases linearly a seen 
from graph in Fig, 4.12, as the flow level Inoreases* 

The average speed of the networK (Fig* 4*13) decreases 
as flow level increases, as it should be. The rate of decrease 
being higher Initially, then decreases and then increases 
again at higher or peak volumes* 


I 



h.5*3 approach speed-. 
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The speed is varied from 25 kraph to 50 kmph 
where as the flow level of 500 vph, liiilc length of 500 m and 
PDF of 0,35 are conatant for all the runs* For all the other 
approach speeds, the MOE are estimated for the best cycle length 
and are as shown in Table it* 5, 

As approach speed inoreases the optimum oycle length 
decreases Initially in the range between 25 kmph to 30 kmph, 
from there on wards it increases to 70 secs steeply at 55 kmph. 

It remains constant for approach speeds of 30 to 45 kmph at 
70 sees and then decreases again as speed Increases further as 
seen from graph in Pig, 4*14* 

The average delay decreases steeply as approach speed 
Increase s from 25 to 30 kmph, and then from 35 kmph to 50 kmph 
speed ranges it decreases as shown in graph in Fig* 4«15* The 
stops percent decrease gradually as speed increases (Pig, 4*17) 
from 30 kmph to 45 kmph, reaches a minimum value at 45 kmph , 
then increases as speed increases. 

The PI as seen from graph (Figi,4*ie) increases initially 
as speed Inoreases indicating degeneration of performance of 
the signal timings plan, but from 35 kraph on wards as speed 
inoreases the PI decreases and reaches a minimum value at 50 kmph* 

5\iel consumption decreases from 305,42 llVhr at 
25 kmph ae the speed inoreases upto 45 kraph, hut there on wards, 
shows a gradual Increase as seen from graph (Pig* 4*18), The 
average speed of the network Increasesllneerly as speed Inoreases 
as seen from graph (Fig* 4*19)*, 









17-4r 


in 

LO 



/iV13Q *OAV 



o 

in 


o 


o 

m 


LO 


O 


LO 

UD 




C£> 


TTT 

LO 


Hi9N31310AD 1533 


o 

ID 


O 

CN 


, 1 . 


APR SPEED (Km/hr) APP. SPEED (Km/hr) 

FIG.4-14 BEST CYC LENGTH FOR VARYING FIG.4-15 AVG. DELAY FOR VARYIh 

APR SPEED APP SPEED 







61 


We can conclude that at speeds of 30 kmph and above 

and upto a limit of 50 kmph the performance of the intersections 

ImproveSj being better at higher speeds* 1*©. in that range* 

4*5,4 tJWg: LBNaT H: 

The link length is increased from 250 m to 1500 m 
at 250 m increase for every run* The flow level at 500 vph* 
speed at 30 kmph and PDF at 0*35 are constant and the MOE for 
the best cycle length in the range 35»*70 selected for every 
alternate link length are as shown in Table 4*6, 

As seenjiffrom graph as lirik length increases the best 
oyole length decreases In the range 250*500 m* and is the same 
for 750 m link length also,lik.i at 500 m link length. It shows 
a increase as link length Increases from 750 m to 1000 m from 
there on^ It la constant as link length increases as seen from 
graph (Fig, 4*20), 

As seen from graph (Fig, 4*21) the average delay 
Increases gradually as link length increases. That Is as the 
intersection spacing is increased the delay caused to vehicles 
increases. The stops also increase as lihl{ length Increases 
from 250^750 m« In the range between 750 m to 1000 m it decreases 
axid then again shows an increasing trend as link length increases 
as seen from graph (Fig, 4*22), 

The performanoe index also increases as intersection 
spacing increasesi indicating deterioration in intersection 
performance f but In the range between 750 m to 1250 m Increasef 
the rate of Inoreaae of PI is less as seen from Fig, 4#23* 


table 4,6 : FERFORMANCS TABLE - LItgC LEJSTGTH I?gAgr STUDY 
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The fuel consumption varies linearly, it increases with 
increase in lihki length as in Fig, 4,24* This is heceuse the 
overall distance travelled increases with the increase In 
interseobion spacing. 

The average speed increases gradually (Fig* A, 29) 
as the link length spacing increases as seen from graph, but 
at the same time all the other MOE show degeneratl^)n* It can 
be concluded that the performance of signal i:sed intersection 
deterlox'ates with increase in Intersection spacing* 

4,5*5 Platoon dispersion factor s The platoon dispersion factor is 
varied for value of 0*25, 0,35 and 0,5 and the flow level of 
500 vph, speed of 30 kmph link length of 500 m are kept 
constant for all the three runs. The values of MOE estimated 
by TRANSIT*^?? for the best cycle length chosen In each oase 
is as shown in Table 4*7* 

When the PDF value is 0*26 the best cycle length Is 
50 secs but for other Increased valued of PDF the best oyole 
length remains the same i,e* 55 secs cycle as seen from 
Pig* 4,26, 

The average delay increases from t5,0 sec/veh to 
15,76 aecv^veh as PDF inoreasos as seen from Fig* 4#27, The 
stops percent of vehicles also Increases linearly with the 
inoreasa of PDF as seen from graph (Fig, 4,28), 

The PI also shows a gradual inoreaae as PDF inofease 
and is least at 0,26 PDF as seen In Fig, 4,29* The fuel 
oonsumptlon also increases as PDF increases as seen from 
graph (Fig, 4,50), 


TAB1£ 4.7 : PERFORMANCE TABLSi - PDF STUDY 
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The average speed of the network decreases as PDF 
increases as seen from graph (Fig. 4.31)* 

As the PDF increases the road way characteristics 
worsen as also the traffic flow conditions. So we can conclude 
that as PDF increases (or) when the flow conditions degenerate 
the performance of the signalized intersection also degenerates. 

4,6 CASS STBDY * II \ 

4.6,1 DESCRIPTION 

Here it is decided to study the behavioural pattern 
of the TRANSYT-^TF model in predicting the performance of the 
signalized intersections, and its sensitivity to varying flow 
parameters as in the previous case study, but for a problem of 
bigger magnitude. Hence an urban corridor with six signalised 
intersections is considered for this case study. 

The corridor oonslddred is a four lane road, with 
two lanes serving for traffic in each direction, A 4 phase 
fixed signal timing control is selected. The flow level on 
the minor street is one half of that on mador street in this 
case too. The sane parameters as In the case of previous case 
study are Identified for sensitivity study, and also judging 
the performance of TRANSYT-7F model. They are 

» Cycle length of signal timing 

^ Volume of traffic 

* Approach speed of traffic flow 

* Link length of Interseotions 

* PDF, 
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Ths sensitivity analysis Is perfonnaA similarly as In 
iihe previous case » and the range of parameter value for which 
sensitivity is tested, under pari^icular fiow conditions are 
listed in Table 4,8. 

4.6.2 INPUTS? 

Network data? The corridor Is pr© coded into a system of 
6 nodes and 8 links following the same nomenclature and procedur 
as In the previous case study. The* layout of the corridor Is 
as shown in Fig. 4.34. 

Signal tlminig parameters ? The cycle length for which cycle 
evaluation is done in each run, and the range over which 
sensitivity is tested is 40*120 seconds, A 4 phase sequence 
of signal indications is selected for this case study at each 
interseotlon. • In phase^l the right of way Is for direction 
of traffic 101 and 102. In the subsequent three 

phases, the direction of movement is for traffic along lanes 
103 and 104, 105 and 106 and 107 and 108 respectively. 

The values of start up lost time and esitenslon of 
effective green input are 3 seconds and 3 seconds, simulating 
normal behavioural pattern of drivers. All the other signal 
timing parameter inputs are more or less similar as in the 
previous case study and as tabulated in Table 4,9* 

Cteometric find traffic data? In the analysis of the sensitivity 
of ths model to link length variation, the range of link length 
input is 500 m - 2000 m. The flow level of traffic input, 
varies In the range 300 vph * 1000 vph In this ease study, 




FIG. 4-32 LAYOUT OF SIX INTERSECTION CORRIDOR 
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AIX the other data Input are similar to the earlier case study 
and as shown In Table 

Control data» The options chosen and the types of runs madei 
are similar as in the previous case study* 

4,6.3 OUTPUT S 

The Various output of TRANSYT-7F considered In this 
case study are 

*• Input data report 
*• Cycle evaluation summaxy 
** Performance table. 

The Input data report and the cycle evaluation summary 
output are similar as in the previous case study, but for slx- 
Interseotions in this case. 

The performance table with all the MDE is printed, 
with MOE Indicated for each link, subtotaled by Intersection 
and then aggregated for the entire netwojrk. The various MOB 
considered are also similar as in the ^i-^evious case study. 

They are average delay, total uniform stops ^ fuel consumption , 
PI, average speed of network etc* 

4*7 DIflCUSSION OP RESULTS FOR CASE STUDY IH 
4*7#1 gYCX3 

In the cycle length sensitivity analysis test runs, 

the cycle length la varied in the rang® 40*70 seconds with a 

1 

step increase of S seconds for every run where as other flow 
conditions such as flow level at 600 vpb^ speed at 30 kmph, 
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llrik length at 500 m and POP at 0,35 are constant through out 
this runs, The MOE are tabulated for the best cycle length 
as shovm in Table 4,10, 

Beat cycle length * The bast cycle length Is the one for which 
the PI is the least. All the other MOE are also almost best 
Values for this cycle length. The best cycle length for volume 
of traffic between 300 vph - 600 vph is 55 seconds. 

Average delay as seen from graph In Fig, 4,33 decreases 
as the cycle length Increases from 40 to 60 seconds^ to a mlnlmur 
value of 22,52 seo/veh» and then again increases to 23,77 sec/vel 
at 70 sec cycle length. The precent stops as seen from graph 
in Fig, 4,34 decreases from 90 percent at 45 secs cycle length 
to 81 percent at 50 and 55 secs cycle len gth. From there onward* 
it again increases steadily. 

The PI as seen from Fig, 4,35 also decreases, reaches 
a minimum value at 55 secs length, and thonjjlagaln increases 
from there onwards indicating degeneration of traffic performanci 
The PI is the minimum at 55 secs cycle length and hence the 
beat cycle length. 

The fuel oonsiunption as seen from graph in Fig, 4,36 
also shows the same trend as ether MOB ie, it decreases reaches 
a minimum value at best cycle length and then from there onwards 
increases. 


I 
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4.7.2 VOLUME : 

In this analysis of the sensitivity of the model to 
fluctuations in link volume, the volume is varied in the range 
200 vph - 1000 vph with step increase of 100 vph for every run. 

The other parameters, such as speed at 30 kmph, link length at 
500 m and PDF at 0,36 are constant for these runs. The best 
cycle length is evaluated in each case, and tiie MOE obtained 
for that cycle length, are as shown in Tabic 4,11* 

The optimum cycle length as seen from gra|>h In Pig, 4,37 
is the same for all the flow levels from 300 vph to 600 vph. 

But from there onwards It shows a very steep increase as volume 
on Unit Inofeases and reaches a maximum of 11S secs at 1000 vph 
volume. 

The average delay as seen from graph in Pig, 4,38 
increases gradually with the increase in volume, which can very 
well be understood as due to increase of lateructions among 
vehioles. The percentage stops (Fig, 4,2o) also increases as 
the volume increases upto a flow level of 800 vph but from 
there onwards stops decrease as the volume on the Unit increase s. 

The parfomanc© index of the corridor as seen from 
Pig* 4*40 gradually increases with the increase in volume 
showing degeneration of performance of Intersections as the 
traffic volume increases. 

The fuel consumption as seen from Pig, 4,41 also Increased 
as the volume increases due to Increase in delay and stops. 

The average speed <Pig* 4«42) with which the vehicles actually 
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travel In the network decreases as the volume on the link 
increases, as is expijcted due to more interaction batvreen vehicle 
Th© average speed is the minimuia at 1000 vph at 17*09 kmph 
and maximum at 300 vph at 22.92 kmph. 

4,7*3 AI^mOACH SPBEDt 

To test the sensitivity of this pe raise ter, on the model 
and the performance $f Intersections, is varied In the range 
25'*60 kmph with a step increase of S kmph "or every run* In 
all these nins th© constant values of other parameters are 600 vp 
flow level, 500 m link length and 0*35 POP, In each casd the 
MOE are tabulated for the best cycle length evaluated and shovm 
in Table 4.12, 

Regarding the selection of the best cycle length, 
initially as the approach speed increases the cyole length 
decreases from 65 seconds at 25 kmph speed to 50 seconds at 
35 kmph speed. From there onwards it fluctuates with out a 
particular trend. The approach speed at the mlniimm cycle length 
evaluated ( 50 seconds) is 35 kmph as seen from graph in Fig,4*43 

The average delay also shows a Increasing and dooraasing 
trend, with out particular pattern of varJ.atlon* The miniinum 
delay is at 3®k!nph speed being 21.84 sec/veh and the maximum 
delay 40 kmph being 26*24 see/veh as seen from Fig* 4.44, 

The stops perpent increases as the approach speed 
increases upto 35 kmph, but from there, it decreases to a minimum 
at 40 kmph approach speed# and then starts increasing again upto | 
50 kmph approach speed. From here onwards approach speed Increas 


TABLE 4.12 : PERFORMANCE TABLE - SPEED IMPACT STUDY 
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the stops percent remains constant as seen from graph In 
Fig. 

The PI initially decreases as the approach speed 
increases from 25 to 35 kmph indicating improvement in 
performance of the intaraeotlons as seen In Fig* 4.46* But 
from there onwards PI increases upto 50 kmph and then as speed 
increases further the PI decreases. The PI of the networic is 
minimum at 60 kmph speed being 125,30, 

The fuel consumption as seen from graph in Fig, 4,47 
decreases Initially as the approach speed increases npto 45 kmphj 
but from there onwards it increases steepip^pto 50 kmph as 
approach speed inoreasesi As approach speed further increases 
the Aiel consumption deorea^s. The minltnum fuel consum^tlion 
is at 45 kmph speed being 886,77 llt/hr. 

The average speed with which the vehicles travel 
actually increases as approach speed increases as It ought to 
be as seen from Fig, 4«48, 

4,7.4 him LBWGYH t 

To test the sensitivity of the TRANSYT-TP model to 
intersection spacing it is varied frcn 500 m to 2000 n at 250 m 
step Increase for every run. The other flow^oonditlons arOf 
flow level at 600 vph* speed at 30 kmph and PDF at 0,35, The 
MOE are evaluated for the best cycle length in each cf the varied 
link length and the MOE values obtained are shown in Table 4,13, 

The best cycle length (55 sec,) remains the seme as the 
link length increases from 800 a to 1250 m, and from there onwards 
it shows a alternating decreasing and increasing trend as link 



TABLE 4.13 : PERFORMANCE TABLE - LINK LENGTH IMPACT STUDY 
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length further Increases as seen from graph in Pig. 4«49. 

The average delay (Pig, 4,50) lncj?eases as the link 
length increases upto 1750 m, hut from there it starts decreasing. 
The average delay is the least at least intersection spacing 
value tried le 500 m being 22,55 sec/veh. The stops percent 
increases as the link length increase initially. Thereafter 
it remains constant for spacing of 1000 m *• 1500 m« Prftm there 
onwards it shows uneven trend as in Pig, 4,51 * 

The PI increases as the link length increases as seen 
from graph in Pig, 4,52 indicating that the model predicts good 
performance of intersections, for lower intersection spacing. 

The fuel oons\imption shows a linear increase as the link 
length is increased as seen Fig, 4,53* The average speed 
of the network also increases gradually as the intersection 
spacing is increased (Pig, 4,54) p since drivers tend to drive 
fast in that case not expecting a Immediate stop ahead. Also 
the interactions among vehicles decrease to some extent. 

The sensitivity of the TRAMSYT«*7P model to variations 
in PDF is tested for values of 0,25, 0,55 and 0,5, IXiring these 
runs the other flow conditions are link volume at 600 vph f 
speed at 30 kmph and link length at 600 a. The MOB for the heat 
cycle length in eadh of the runs are evaluated and tabulated 
as given in Table 4,14* 

The best cycle length for 0,25 and 0,35 POP value Is 
56 seconds where as for 0*5 POP value the cycle length is 60 second 
(^Ig# 4,56)* 


TABLE 4,14 • PSRFORMAHCS TABLE PDF IMPACT STUDY 
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The average delay Increases gradually from 21*59 secs 
at 0*25 PDF value to 23«3A secs at 0,5 PDF value as seen from 
graph (Fig* 4*56), The percent stops also increasd gradually 
as seen from graph (Pig* 4*59) as the PDF value Increases* 

The PI also Increases from 124*30 at 0.25 PDF to 132,03 
at 0*5 PDF (Fig* 4*58) | Indicating that the traffic performance 
of the signalized intersections degenerate as the conditions 
of road and flow characteristics of tx^^fflc degenerate, as the 
Input value hf 0*5 PDF suggests. 

The fuel consumption increases as PDF value Increase 
as seen from graph In Fig, 4*59* This is due to deteriorating 
road and traffic conditions as PDF increases. 

The average speed of the vehicles in the network also 
decreases as seen from graph in Fig. 4*60 as PDF increases, 
owing to degenerating road characteristics and traffic flow 
conditions* 

4*8 Comparison of Cnse Studies; 

When the results of the two case studies are compared 
the following points are observed, 

(1 ) As the cycle length parameter is increased from 45 secs 

^0 70 secs, initially the MOE decrease reach a mlnimumn 
at the optimum cycle length and then again increase as 
the cycle length further increases in the case of 
both the case studies for a particular flow level, 
approach speed etc. But the traffic performance Is more 





sensitive to changes in cycle length in the case of 
slx-lnterseotion corridox*, showing ste^pVariations in 
MOE for changes in cycle length* Also the average 
delay* stops etc, experienced is more, An the case 
v/hen the intersections are more, due to more vehicle 
Interactions and stops at the intersection for 
want ibf green signal , 

When the flow level is betv/eon 300 vph 600 vph, In 
both the Case studios the 5*5 seconds cycle is the best. 
Also for other flow levels there is not much variations 
in cycle length of signal timing as the number of 
intersections is Increased, ‘The average delay and stops 
and fuel consumption are more when there are more 
Intersections, as Is observed in the second case study. 

With regard to speed variations, the traffic performance 
is more sensitive In the case of bigger corridor, with 
more interseotlons. As regard to llnTt length and PDF 
variation study, the variations in performance of the 
intersections observed are almost similar in both the 
o^se studies. 


CHAPTER 5 
CONCLUSIONS 


5,1 CONCLUSIONS > 

As observed from th 0 results of the tvro case studies 
Considered, the following conclusions can be made regarding 
the impact of the flow characteristics anr3 signal timing 
parameters on the performance of the signalized coordinated 
intersections as evaluated by the TRANSYT-TE model, 

(1) For every particular flow level, approach speed, and 
intersection spacing there is one best cycle length at 
which all the MOB such as average delay, total uniform 
stops and fuel consumption are the least and the 
performance index of the network Is also the least, 
and hence the best* The xjerformanoe of the coordinated 
signalized intersection is the best at this optimum 
cycle length, and all the other signal timing 
Parameters such as phase length duration, offsets are 
to be developed for this cycle length* When the cycle 
length is input, the TRANSYT-*7F evaluates the best 
cycle length in that range, optimizes the phase length 
and offsets for that cycle, and develops controller 
setting signal timing plans* 

(2) When the traffic flow is uniform and the approach speed 
of flow of the vehicles Is also uniform, coordination 
of the signals is not necessary, Also coordination 

of the signals is m6re effective when the Intersection 


spaclnp; is less than when It is more* The coordination 
of the traffic signals for most of the traffic flow 
conditions decreases the average delay, stops of vehicles 
fuel consumption, and hence the performance of the 
Interaeotlons improve. 

Volume of traffic or flow level is most Important 
oharaoterlstic which affects the performance of 
the intersections as evaluated by the model. As the 
volume of traffic flow Increases the intersection 
performance decreases due to more interactions among 
the vehicles causing more delay, stops, reduction 
in speeds etc. Hence for development of signal timing 
plans, a three dial controller, with three different 
signal settings that can implemented, one for the peak 
hour congested traffic (above 600 Vph), one for the 
normal traffic flow level (betvwon 300 Vph - 600 Vph) 
and one for the off-peak hours when the traffic flow 
Is less, oan be used. 

Also observed from the case studies is that, performance 
of the signalized intersections is better at higher 
speeds (above 40 Kmph) rather than at lower speeds 
due to less interaction between the vehicles resulting 
in fewer stops, less delays and less fuel oonaumption. 
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(S) observed la the fact, that ns the road characteristic 

and traffic conditions worsen the performance of the 
intersections deteriorate. Hence provisions of good 
road surfaces and traffic conditions such as better 
parking facilities, wider roads, etc, improve the 
performance of the signalized intersections, 

6,2 RECOMMSNDATIOWS FOR FUTURE STUDY * 

Some of the features on which further study can be 

made on the model are as follows, 

(1) In the case studies considered, the Intersections are 
dunotions of major and minor roads, Ho some Inter- 
seotlone whore two major roads moot (so that equal 
importance is given to both streets) may also be 
included in the corridor and further study made to 
evaluate the performance of signalized intersections. 

Also a example of network of roads oan be considered 
and the study made, 

I 

(2) Actual field data regarding traffic and road characteris- 
tics can be collected for any of the major urban cities 
and the model used to predict the performance of the 
Intersections and develop the signal timing plans 

so that we oan get a better idea about its suitability 
to Indian conditions, 

I 

I 


I 
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(3) Algo the TRANSYT-7F flow model considere v-*, jltile 
types like car only. Buses also can be modelled, 
but to represent the heterogeneous traffic on Indian 
roads, the program has to be modified to include several 
vehicle tyjies that exists on Indian roads so that the 
predictions of the model are more appropriate for 
our Indian conditions of traffic and roads. 
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TMreRftrnVF Ti^PUT program TQO TRA»SYT■‘^F-TFRM1^}^L OUTPl^T 



RU^ TITLiE TS I'O PKnVTDR Tor^TinCAT in'! FOR fc.^CH TRAN^YTVP RUK 
ONP TITLP TS HK^niRlin FOR FAPH RUN k IT IS ALWAYS 

thr: first input rARO^TiTfii: can be of Bf) Characters 

Give the nii.E DF RDO; 

▼iHRf-E INTEHRFCTTDn SENSITIVITY ANALYSIS 

THF FOLLfiAlMn CAROS I-IO ARE FHR NETWORK cn^TROL 

rARD-l,lS roMptlbSURY 

PAUSF 

TyD« G to Continue^ X to Exit, T ro trace, 

* 

INPUT nr CARR TYPC l-RUH CGnTROL cA RD-COH p[| 050*^ Y 

THIS CARO PRnviDFb NFTWoRK HTPF PARAMETERS A*JO ESTABLISHES 

INPUT (; aMiPUT npTinus 

PAUSE 

Tyoe G to Ponlinne, X to Exlt^ T lo trace, 

» 

INPUT CARD TYPE NOtCll): 

THE MINIMJF ciror lenth is to be iNPUrJ 

TRANSYT-7F ASSUMES NETWORK WIDE CyCLE 

t/ENGTH AS same FOR FOR AOL NODES 

SOML NOOFS iHAI OPERATE DO DOUBLE CYCLE 

LENGTH TUEU INPUT CYCLE LENGTH SHOULD BE FVEN NUHRCPS 

RAWGEl30-30LSErONL)5 

INPUT MINIMUM CYCLF LEMGTrf NnW{Cl2): 

•^30 

the maximum cycle length is TO BE INPUT: 

IF ONLY ONE CyC LENGTH IS INPUT FOR SIMULATION DR OPTlMj 7,ATIDN RHN THEM 
MAXIMUM minimum EYELE LENGTH SHOULD BE IHS 5A»4F. 

PANGF:30-30D SEC*5 

NOW GIVE rUE VAUriE 0^ H/iX CYC LENGTH ( C 1 3 ) : 

WfO 

cycle LENGTii INORCMfcj'IT ! - 

THIS CYC LENGl'IT TUCRRHFHT SHOULD BE EVENLY OlVTSTBLE INTO THE RAEGF 
IF ONJfY Ojr rye T,Er^GTH IS INPUT, then iNprJr U AS INCRFKENT, 



Th^T TRA^5Yr-?F TAl.ClIbATF ThT INlTTAr- TiMiUgs^TaRd 
TYPL 2 IS RLOUTREU L MUS'i' CONrAlM Ojgi.y tME NHdC 
NUMuFKs nr in£ ;jnr)F5 for if/Hirn imitiai, TtHivCb 
WlNL HP CAbCnCiAJTD 
PAiisr 

Tyne G to Pontlniie, X to Exit^ T To trace. 


card USI'^S OPTIDM;- 
TF T^L iwpiir IP:- 

N;Yon AkP N3T [TbTNG THIS CApD fcPRDCEPO TH CARD-S 
YfYoU IJSP THIS CARH i START INPUTTING, 

N(jw GIVE ynuR nPTinN(y.oR,M) 8 

CARD TYpr 4-OPTIMlZATinH bTEP SIZES CARD?- 

THIS CARD HAY HE USF.H TQ INpllj A LIST OF STgP SIZES 
FOR THF OPTIMi7ATinH HILli CLIMB PROCPSS.lF IT IS INPUT 
IT MUST RE USEn IN C^rMUNCTJON WITH CARO TYPES 50 OR 54 
PAUSE 

Type G to Continue^ X to exit, T ro trace, 

« 

now AKF Yotl inputting this CARn(Y,DR,rn5 
CARO TYPF R-SrOPS REOUCTION CARD 


This car'l Js userl to input a list ot percentage stops 
associated with sinail vatuos of delay. one card of this 
type may oe Inout for each ontJmlEatlon or si’nyiatlon 
ruPplf not Input a default type card is generated, 
PAUSE 

Tyne G to ronllnue, X to Exit, T To trace, 

Y 

ARP YOU INPUTTlNn THIS CARD ( Y ,nH . N) ; 

CARD TYpF-fil -sensitivity PAhAMPTFR CARO, 


This card Is used to input a XJst of parameters to reduce 
run time of the program, Tne parameters limit the numbers 
Of down stream lInXs for which £low oroelles wUl be 
re-cflirul ated after a slqnal tlmlnl adlustment to an 
upstream node Is tnnde duTlrig xhe hill climbing process 
This card Is used In conlunctlon with card CYP^s 4 or 



B -1 


O fH 

z o 

a 

u 


Id K 

> J w 


Um 

ooi/^o: 

-czwo 

oc ti, 

M o n Cl 
*My CHC 

flirfUt-c 

ZO- 

OiD OiO 
pOiC&o: 
.Jfobltflll) 
UJZI-S&> 

idtfro'S' 

aHPHS 



B 


OM 

o 



a 


1 

o 




m I 







f»S 

t 





«H t 


UtJ 






f 





1 


Wcr 






1 







inw 


* 

p 










ft 


in 

in 












o 

o 










ox 


z 

z 








1 


□ H 

o 

o 

o 

o 


1 

o 




r* 1 


HU 

lO 

u 

L> 


CN 

ff 





M 1 


KZ 


w 

W 


PS 

• 





1 


ww 


in 

in 



1 







ftlpl 


c 

o 












ft 

Nft 










Jin 











1 



iH 



o 


B 

o 




M 1 


MS 


w 

w 



I 





'I 1 


HH 


>■ 

H 


PS 

1 




1 M 1 

1 


MX 


n 

n 



t 




1 1 



S- M 


tft 

tn 







1 1 



HH 


pic 

icr 







t 1 

1 1 



HpI 


in 

m o 







1 i« 1 

1 


til 

pH 

t: 

Z 10 

o 


1 

o 



f f 

o r 


a> 


H 

H IfO 


O 

t 




1 *3 1 

r-t 1 


HW 


o 

La H 


pS 

f 




1 1 

1 


DpJ 


z * 

2 •£ 



1 




1 nr 1 



n 


riiw 

U)WH 






p 

1 1 





iJ«J7 

♦JiJH 



U 




1 1 



H 


u 

UCL 



OX 




1 1 



0- H 






tJH 



HH 

1 ca 1 

1 a 


Owl 

in 


JU 

o 


1 Hia 

o 


PCZ 

i f 

O' 1 z 


H*< 

fV 

C- V 

CJN. 


<r 

f pTXZ 



cco 

lO 1 

1 


inz 


vpin 

Hinw 



1 HtOIO 



u 

1 1 

1 L. 

a 

u 


uo 

uctco 

o 


1 •4>iJ 



ft 

1 to 1 


fx: 

(L 


u 

w 

o 


a • 

p« 


UUj 

i 1 


< 



OTH 

arH 

in 



10 


za 

1 1 

[&J 

ou 

p 


C3in 

omo 

1 


tf 

z 


M 

1 1 

pi 

o 

zz 


Ik. 

U. H 

u 


tfiJC 

o 


xor 

t fri f 

1 t- 

\n 

UJW 


o 

O 

ox 


1 WWH 

On 3 


HO 

t 1 

CC 1 H 

1 p 1 

UlH 


«r»n 

ij%n 

9 

ft' 

1 I- 90 

•J 


H 

1 K 1 

f H 

wo 

QtX 


pa 

o tn 



1 entt^pT 

o 


■ 

1 1 

1 

xn: 

CJW 


piTk. 

pCCi^W 

o 


k. 

lb 


«n 

1 D 1 


OH 



XO 

XGQ 

> 


X 



ftO 

I 1 

Z 

•JZ 



in 

in Q 

1 


X 

10 


Ubl 

1 Ou 1 

O 

oo 



£ 

*Z 

<0 


Ell 



*a<n 


ft: 

>CJ 

HkJ 


iQO 

.DO 

•H 


XhW 



ijw 

f U 1 

1 

1 

\ox 

n* 

0!C 

OX 

oin 


1 utno 

CaQ 


o 

1 1 

H 1 

in 

,OH 


IhH 

HHlk, 


H 

1 HHftp 

kl 


am 

■ ft: 1 

1 


•JH 


w 

Xd 

ka 


1 UiVi 

M 


H2 

I 1 

1 

tna: 



in PC 

Met 

< 


I H 

k. 


ZO 

1 1 


HO 



MZ 

Mar 

z 


enj 

M 


OM 

1 1 







PC 


•■c 

U 


UH 

t «* t 


«H 



lilpeC 

voprtn 



zo 

kl 

u 

pC 

1 1 


zwva*:' 



H 



ftW 

a 

H 

a 

1 H 1 

f 

-r2i JWX* 

iH 

(Q-* 

O'* J 

OH 


1 WbJ 

c»m 

ft 

o 

1 1 

SO i 


Wf-CK 


*JC 

iJO 

H 

\o 

1 HCL 


H 

o 

1 < 1 

1 

H 

ifti/i n 


iki>a 

WtJ 

> 


1 xtn 

CO 

W 


1 1 

1 

H 

z 


H*a 

MiJ 

H 


1 b) 

a 

a 

pj 

f c 1 


M 



Ek.pC 

U.Kf 

H 



u 


.(C 

1 1 


t> 





M 


z 

z 

z 

> 

1 1 


H 

til 


zn 

ZO 

tf) 


xn 


H 

ct 

I 1 


H 

Vft *-3 


HH 

MH 

Z 


W)k3 

tn 


w 

1 H 1 

I 

i-l 

J 

#Hf 



<ftW 


1 Hk. 

OH 

« 

H 

1 1 

in 1 

in 



CcCi 

d:d 

1/1 

IT t WH 

H 

h 

z 

1 3 1 

1 

z 

vjmu 


nw 

nw 



1 HpC 

Z 

M 

H 

1 1 

1 

W 



Hin 

Htn 



1 men 

o 

% 


1 tL 1 


in 



CJp3f 

u< 

a: 




3 


1 1 





piCU 

ftu 

c 


mo 

1- 



f ^ t 





0.0* 

uca 

Q 


UitM) 

3 

U 



M 


p 

!^a 



m 

• 

zm 

M 



p 

1-3 

r* 


p 

H • 

H 

O 


OffiO Dbl 

2 


W 

o ac 

M 


tn 

H Z> 



< 

M 



z 




a 

o 




z 

*0 


(0 

c « 

H 

o 

M 

OHO tJO 

Z 


X 

O CiJZ 

M 


H 

-H CO 



Z 




M 

H 

IT 

Pt 

u 

pH 

H 

OH 

Z 

pV 

& 

PC 

H 

OCO pO 

M 

a 

i> 

^hph pa 



O 




X 

<z 


u 


f-M 


z 

w 

<i3 

V 

H 

k- 

C • 

H 

0£. 

z 

MintN HiJ 

z 

H 

H 

OCO 90 

H 

H 

iJ 

*H^iH^a> 


OOO til • OOOCjOOOO 
5 tL CN'C^ChC tvr^fsfsi 
UK 
=:tJ 
a 


OOO P'v 000^)0000 

»Q 

pOi 


r>oo HJ ooomoooo 

a^> 


ooo MO oor^Noooo 

X3» OC> 

K» CMtM 


OOO- pN. oooooooo 

•C: 


bj p 

(^z; • 

-tK lA 
OXZ O 
o^H l: 

£ U 


a: 

I a 

^ t c 


U1 VIZ 


'll I -iiJ 

I oi;iJi 


o- M 
t/iz o: 


fl) j 
< > 
p-i H H 

CC Z 
•< H 
> 


H 

ta « 

u)oo 0:0 oortmoooo 

HZ OO 
lu 


fnOO 1^ OOOOOOOO 

tic 

h:» 


•J ■ 

r<»\nry -<J o^or^Oi-^o*^ 
E “0 irtTirw 
o^* ^a" ^ M 


oooooooo 
<c oooccooo 

t/liJ il*N£>^\D«t'sOp^^O 

U, 


HI- in 

!<:% H> 
Oil! z 
O w 
ft: 

C3b] 

ZCL 

M 

zoc ir 
MO H 
H Z 


fiCO 

uu 

p 3«0 

pjK-* r\ 

a H 

C£V 1 Z 
E^Z H 

zn 

□M 

UH 


'UiJ 
UtJ 
o VJH 
:* 
Li) 

FhM 


m I u.v-:i 
I UbJ 


OUl 

c e* 


ne 

Ubi 
• HO 
<N I tno 

I p^Z 

I X 






p 

> 

z 


H 

H 

H 

biSH 

oooooooo 

kl 

a 

z 

zu 

ooooir ininu' 

in 

t 

H 

HZ 

tnininincNCNWCi 

Ei. 

3 


JEO 


Eb 

ki 




a 


p 

Z • 


w 

» 

ra 

pHpHH ZO 

riCVm^l/VVfiHOO 

o 

□ 

X 

HZ 

oooc ooeo 1 1 

c 

Z 


J 

,-1 ripHpHfHpHMM 1 t 

z 



U til 
iJtd 
Hft: 
I hx 
p-i I HH 


CW 

I OtOj 
PH I ifH 


c 

a 

C 

w 


Ob 

a 

a 

tn X 

a 

pH^Pn 

a a 

< 

H 

p-i PC 


CNCsjrvj 

pCH 

u 

H 

u 

H 


UH 


cmoiEJ 

JODk. 


a 

to 

W •r> 
ZOm 

to P 
z n 

M 

4- 

M 

4. 

w • 

zrs 

H 

pfZ 

o 

■J 

CO 

bJ * 

zo 

a 
o 
in • 

1 ft 1 

ibJt 
t H 1 

W p 

z n 

W 

sft Z 

LaUJib 


M 

HZ 

hz 

■f 

4 

HZ 

=) 

H 

HZ 

1 

• Z i 

H z 

H 

ttokiH 


u. 


j 


4 

O 

a 

h. 


1 

f M 1 


1-3 

: ii 

ti 

da 

r 

/H 

C- -f 

l^ + 

n 

pir^ 



fa 

a 

bJ Ik/ 

£y 


1*2 • 
I—Olijii ZO 
MZ 


12 1 

CDCDO&gOODOCXOOD I C I 
CV^tNCvtSrsCSfN I M I 

IH 1 
lU I 
Ibl I 
I in I 
I ac I 
W I 

1 a M » 

I Z I 

t M t 


phase rr«i«c oat* 

Table b.i 


2 1 1 2 3 15 201 203 0 0 0 0 0 0 

ISO-J nnrES THRFE INtERSECTIOR CORRIDOR SENSlTIVlrY ANALYSI5-VDL'IHE~500 PAGE 


I OO tii m 
XO t Oa 

I 

I 


f-1 

•ft 

I OO 
ID I 

I itdtn 


I OO E-CP 
^ I ilo 

-t I a> 

I ^ 


o 

o: k 

I OO hiO 
I lae 

w I Eh 

t 


loo •N. 

CN I *£1 

<■4 1 

I 


t- • 
I (DO Z3»-P 

^ I o a<c 

rH t 

I W 


O • 

I r-o un 
o r o us* 

v-t I CH wi 

I 


oooooooo 
c>jc^ fs fvt rj CMC rv 


oooooooo 

mrnfy-m 


o^ncunoooo 

IN 


vDvnh'r-oooo 

ococ 

«-4^rrirH 


oooooooo 


OMPOVOOOOO 


mmvoiDoooo 

odoo 

^«HrricO 


OOO [iJ • 
OCL 
UK 
DCJ 

o 


•E“< 

OOO M>w 

>o 


OOO Eh J 

or> 


K • 

OOO MO 

a:z 

EH 


oooooooo 

cNcsf\rv<c^esiC\cv 


oinoooooo 

CM 1-1 


^ • 

OOOOOOOOO 20 
CO MZ 

OJfM o 


hi • 

oooooooo 2D 
mro MK 


Eh • 
OCDO ZI^ 
O (XD 

^ 2r> 


o • 

OMO tJO 

o ttsr 
ro UJ 


0ii>000000 20 
rviM H2 


M E" 

*: u 

M b. 
OH J 


H2 

1 

Or 

U1 

Ex 

1-9 

-H f 

a 

(0 

SK 


t 



(AQ 




35 




4 

UJ 

Ub, 



E 

bl 

woe 

be • 


oc 

(D 

2 

20 O 

1 

on 


UlUl 

M2 

o i 

2 



Cl 

M 1 


4 

HO 


1 

1- 

2 • 

Hie 


IvD^ vN OOOOOOOO 
t OO -Q 

I N(N •tx 

t 


I mcN HO oooooooo 
a I c o or Of- (y cvj 

I 22 
HH 
•J 

H 


HH Ifi 
H 

CW 2 

U M 

a, 

iscii 

20 


OOO *0 

<2 

HM 


Vi • 

00000000l/}20 

OM2 


4J (d Dtf; 

D 22 .OC 
hm • u 
fib tswnos 
ou SeOCOSH 

O fiOUJCM 

^U2as 
t! CU = MO 
C blirCLiJ} o 
H »PCLtnCJDtn 


I OO 

•a « 

geo 

♦HiHfnnoooo 

1 

M2 

oooo 

1 

b. 

M-H<^rr> 

1 

1 OO 

« 

m3 

CO • 

1 Cl 

oooooooo 

1 

CD 


1 



1 

X 


1 mr- 

•J « 

O MO -HO MOM 

I 

HC 


1 

Dl> 

XT CM CM 

1 

H 



w 


3 

lA 

4 m 3 


1 



U OZU 1 

a 2 

4 

M 

be 

O » 

Hfc • 

ti? 



D >-«Z7bOHX££3 

MQ 

H 

OX 

2 

MtAC^ H-J 

OMoooooooac 

M* 


1 

0 2 0 4 ■-'U3X 

H 

2 

t~4 

H 

coc r:c 

ocM c:m 2 

02 

CD 

1 

M 2tfl irr 

• 

l-l 

Eh 

J] 

frimrriJi:CL> 

ro 0. j 

n j 


t 

10 S MHCrHJ 

V3 




22 


D 


1 

D Hb. K O 

QSU 




MH 


> 



(O U2lO> 

blEil 


U • 


o 

X 

1 



D tOtOXHU 1 

iJtO 


eox 

* 

H 

rx 

eg 


o 

bJ KQ2M*3D10 

Ow 

m 

■CM 

lA 

(A • 

4be • 

H 


tt 

HOa MM 4H 

o 

H 

0X2 

U 

tf>00 OSO 

•HMOOOOOOttKO 

xfw 


1 4 

OMbl Dt04(OCO 

CCIO 

2 

an 

bl 

MMM H2 

OO UM2 

OH 

r« 

i O 

XCEb'blbCMAH 

HS 

M 

x 

Ui 

bi 

MM m 3 

CMi3 


1 

HOZAU UiJ 

20 






4 


t 

HXH O Z4 

DM 




i 


2 


z 

OiU HOiO 2 

OH 


D 


be 


4 


D 

CmO:C:C .2154 

<t 


b] 

m 3 





Qi 

U2 42 

oi 

<N 

cr 

> 

(D • 

v: * 

H 



hlCTH OC MH 

o 

H 

O 1 

H 

moo 1 -3 

oooooooo an 

mM 


1 

ocOMh^b^hiinzH 

o 

2 


2 

CO 

M2 

OH 

r£ 

1 

4HttWteM 


H 

m 3 

M 


O 

r>»s> 


1 

OH 1H04> 

*J 


4 


T 


H 


1 

HMDHO:CZM 

4 






H 



H 







M 



2 <401011. (NM 

ne 


7E 




(A 



OH102 m LO 

UJ 

M 

C 

> 

J • 

iC m 

2 



□crbiar X 2 

H 

M 

o J 

H 

r-iinr- 4Ci 

omomomom an 

fM-bJ 


1 

o Q.Ob:o bl 

2 

2 

m 3 

2 

HC 

miririrM4%*i*if mz 

c w 

m 1 

tOZCHb- b.W 

M 

M 

b) 

M 

O^- 

Tl* if CM M -3 

(M 


1 

ukHo: HU.n 



H 


1- 




1 

If) CL 4JD 







0£ 



OlO QU *JiX 


H 

• 




C 



440ti. b- »34C 


2 

CD 

O 



Q 



U3r CC5HU4HD 


1 *r\o 

h:e 

OOOOOOOO 



M M 

H 

M<f<g 

H!5 

t 

4C 

cocoooco 


b. 

d: 

2 


4C 

1 

to J 



b) 

4 

M 


(/>Ma 

1 

h. 



(£ 

> 



h. 




>s. 

» 

H 

m 3 




X 


H 

H 

ac 

> 


X 

1 

bJH 

oooooooo 

U 

(L 

O 4 

H 

m 4(0 


1 

20 

oooc irioinin 


• 

H 

Z 


2ir 

1 

MX 

inmi/iiftCNMCMcs 

Cb 

O 

w 

M 


H2 

f 

iMPbl 


b^ 





•-3b^ 


m 3 


n 







DCE-DM 
DHQi 
in kiHt'H cr 
LlMUQf <40 

q: a a c < cj 

0/>i [*J 

HHLJr !/rtl3ff2 
H ^q:i£2:CiJO 

CDDC-r2M 

cooitofica: H 

o:44Cz:o‘U}Ii.U 
<u Ciltuoroi&J 
O U3 b,L.K 
Cx.3;ntb3:xa; 
<MH2Mh6-lJ 


be « 

I CVfM 30 
fvj I i-12 

I 

I 


CIaJ 
I MO o;cL 
■*H I MCV 4H 
I UH 


O U • 

w L*j«H 2n 
M M<S 
Ik. ^ 

0 


MrMo^i/)vQHa> 
OOOOOOCO Im 
{NCMMMtNCM(M(N ■ 


I Iz t 

o^ootpcoooooo&oo I O I 
MMCSCSC-fMC-r- I H I 

« H I 
I c I 

t III I 
I Efl I 

I /K I 

rv^ I U t 

tN /»!'*♦' in aOM- CO 1 H I 

cmcnmmchcvcvm la# 

I M » 

h 


III • 

<n Q O 
c 2 


C U 
o oi fX 

•H 4 H 

U H 


O • U 



^ • 


a • 

2 


1 

1 

1 1 2 


mmm 

xn 

Mf\lfri4lrt\0Hca 

an 

mM 

1 

O • 

1 

1 1 H 



HZ 

OOOOOOOO 

MZ 

c* 

M 1 

1 

f 

t f 





m3 

MbJ 

1 



hi 






U 

1 

u 

bl 

bb b' 






01 


H 

H 

HH« 

/ 





X 


c 

C 

c ex 





H 


z 

2 

ZZH 

r 


CbJ 


Dbi 


Db’ 





MCMm 

X£L 

CD QD CO S OO CD Ob 00 

b:iL 

O 

t QIO. 

CMX 

X 

XX 


cscses 

4H 

fvcsr<.rvc^<Nfvcx 

4H 

▼r 

M 1 4>' 

IT 4 

4 

<4 i< 

E 


b>H 


UH 

b] 

iUH 

K 

X 

KXbj 

1 





m3 

1 

u 

D 

UDiJi 

' 





H 

•• 

a 

O 

QDH 

! 





M 

to 

K 

oe 

IX(tH 

1 





M 

a 

Os 

CL 

CLCLM 

' 


(i3 • 


bJ « 


lJ bl • 

M 




MCMm 

2C1 

^iniOMCClTii’ iM 

ZO 

IN Z 

w zn 

/n 1 

« 

• 1 Z 

1 

mroc»> 

H2 

fnfom#»'i^r4 4 

HZ 

^r? 

M M2 

* 1 

I 

1 1 O 



mS 


•J 

X 

b. O- 

1 

1 

1 1 tZ 



C 


r4^ 

c 

CJ 


i-liMHir 



OOOOOOOo • OOOOOOOQ » 
<>}cvrNJMrMr<ir4Mm 


^ CM m ^ in \o r- 00 'T 
OOOOOOOO ► 
Mf'^rnrc 


CMOfMomfamrn wiocmcmcmCm 


MorMo^nf^fnm 
^'0 »-< %-♦ rH W i-l II 


or^r* ^«hce •-<aD\o ^ovon^oocwCoj^h 
(M ^»0 «;** Oi-tr^<p4r^rMr^CM«r 


C' iri O' C' ^oc h' 


rnm r^v-'oron^a.^v.^cr 


o ^ tH CM 1-1 (M ot 
m m ^ 1-1 ON 


o r-l O 
jJ X o 
li3 • 


ooo ooooo 

<^(^04(>4<ytr4C4f\l 


OOOOOOOO 

(NtNCMfsl-^rMCMCM 


OOOOOOOO 
CM CM IN CM CM CM CM CM 




^ m '•H m iH m y-« 


3^^^ o^oM»i^dUaPo^o^B^Dl<a 

rv'cciD rni^c^^oDincEinvo oo»*M3oir/^inr^cD 

j^xQCiaosO ^^.nd'<DQaa)(i)vo i/io'oco x>oqogd«o 


^*'^cofv^o^o<c wmo<^^MflD^va)a? 



lO 

•cl 

X 

Fm 

o 

1^ 

c*] 

bJ 

• 

o 

111 T 
OS«Ci3 
*y «t: -> 

OTiOV 

rijicic.j 

>cto 
< in 

w 

1 

1 < 

1 H 

1 O 

o 

UCN 

o 

1 H 

Cil 

t-in 

m 

I 

CtfHW 

u 

1 

1 

W-tid 

u 

Ct] 

I 

tooia^HiHOoo ooo 

HCL 

£ 


sr OH 

tniM 

XI 

>-03" 

OH J 

blH 


•<0>w 

Kps' 

Ol 

n 

.02X 

m 

'•¥ O 

> 

tx3< 1 


UQ: 

1 

CQiX 

u 

<DX< 

to 

EJ 

u 

pHU 

i-» 

I > 

7S 

r- 

w 

1 Sw 

-fX 


>- 

1 OC 

aCtiJ r'<7M0^‘»'-*0>-«r 

sr fO 

-0 

1 O 

1 b) 1 d:o ■«■«»»•* 

M 


1 b. 

I u 1 □* momoO'^^CN 

iimo 


1 M 

( ? 1 Cl.m invri'j’^muj'Tr^ 

ou 


1 % 

1 ^ 1 fil! IH 

X H 


1 3 

1 £ 1 U 

Har *t 

>1 


1 IX 1 Cl 

mmcj 


X 

1 C 1 

>Hi-r 

1-1 

iJ ’N 

1 Ei^ 1 Z 

MlOQ 

*5h 

<ftJX 

1 OC 1 Q 



E-S • 

1 J 1 

i-iinw 

fH 

OMX 

1 % 1 HOC 

to 

H 

HHU 

1 1 JCL 'TjiHmOCaCMmOfM 

^fiJtn 

<n 


1 tM 1 US'X *•*•*••• 

WXitf 

o 

w 

1 ix « o’oomo'mr^f^ocMin 

inH 

ill 

/-N 

1 < 1 c».LO^c^oa'C^ooo 

w 


T 

1 £ 1 TT W'nmrniMcMmmrO 

[jtnu 


J'v 

1 ST 1 Oo 

m2CJS} 


wiwa- 

1 o f u 

ONJH* 

QJ 


1 to t 

>^Htn 

e 

• 

t 1 

uy 

G 

nnsx 

1 S’ 1 

1-0. 

M 

E-f-U3 

1 O 1 «-• 

H'J 

nc 

A > 

1 1H 1 r m 

aH 

a 

m w 

t Fh 1 UCLr^ 

pQtn 

o 

Old Si 

1 -r 1 UC »1fr-civcr 

t- 

u 

r U’«c 

1 O 1 Od H'-^r'Cor' vO\0-OvO n 

'J[l,X 



1 1 CLin 

inr-x 


HU V 

1 «3. 1 OU 

1 M 

a 

HUb,'-' 

1 > I 

ire-^ 


blC G 

1 J 1 ^ 

in^HU 

H 

yj 

1 « U X 

w 1 

tJ 

X 

1 J 1 ocoinmmmcTk 

r- J3 

ri3 


1 o 1 •«c«c><;3mv^ir^(Nvccp 

lMw3 


<<cx 

y tn j'd 

1 U 1 IX JV pptppppp 

XM 

o: 

1 H 1 tcUJc^incMcininvcvor' 

XHX 

lU 

H b.> 

1 CJ 1 ^oijarsi-^^rM-M-M.^ 

St 


-i w 

<kf W3r-l 

L? 1 


a 


z 1 

M 

OT X 

r> 

tt. 1 

r«j 

a 

X J X 

D-EOlO 

U 

liJ 

Hti. U' 

Til S3 CL in o in <o in o oo 

UH 

o: 

M !► 

H Hu: m ^ invDic vD 

•JC 

X 

IS ^ 

mwH 

U'H 

H 

U, 5^: 

tn 

>- 



ux 

•f 

U'za 


P>c 

ti. 

SMZ 

WXm 

HX 

hi 

< J 

ijH uin o in c in oino 


1 

X 

cjtJbim'vl'^t'inkn iO«nn' 

jr> 

tf 

er m3 

>2in 

xoc 


COG 

Cilllwl 

a 

in 

It OS' 



X 

xz 


1 

<«c 



1 

cx 

a 



Sh 

V 

6 a £>fi:t'Oon?»ft 

n 






'nmokCO' «'0' «*‘fM r'NO^<D<ri^«i‘%i>^ vni/>'n\n3'*» 

03 <*101*1^1^1^ mo ro^m^aimci»rr|i>.. 

rM(Vi,^«-iO«-<(N-rJ-r40'CMrM^^O 


CM CM CM IN IN CM rM 


CMMlNCMCslINirg^ 


r- Conors -^i^cNr^CN ocn nm 

N'mo'rr'mcMmcMfn o* m«Tmm<Mm<Nm 

«-• OOO^C«^OVO O 0«-«0*^0«^0v0 O O^OvmOv^OvjD 


^ in I# in CD WQ3 iHio 

ooQooooom 


^ N- 
iJOz::c o 
itflaJON • 
HOiniH 
OClZ^ O 
H O^ CM 
U 


r # lo 

JiaitA I 
Kt oax W 

OMHr • 
E-< ZtntJ 'M 

o > o 


oocooooco 


m m ^ 'N m itm 
^ mo* m iNCMiN-mni 




IdO 




w 


m movinwi-i 

IT m m oFtH oo mm 

£=> 




Z 


OOCmO^O^OvO 

oooooooom 

oo 

t>j 

X 

VO 

X 


• p»p**-*pp 


JU 

ijH 

u 

m 

a 


ooooooooo 

ooooooooo 

OSS 

<r-< 

> 


a 

C\J 



£»1-l 


X 

in 

2»- 



1 

bJU 

u 

m 

1 

« 



mm 

>o 

[i3 


m 

fQ 



HJ 

l«t 

m 


H 

ri mmro o in oin VO 

fncMmmui'f inM* oi 

m«c 




m 



CDOOmmCMmCMtO IT'miS'mfMfVfNfMO 


«Hooo«*40^oi/> oOiHO«*<o^oin oo^o^i^oi^oin 


r- fn ^ CM (T O' cr <Mn 
O' C4rr>fM O in OlA o 


'C^^-ttr^oi^ceo 


^fMt^moDa coO'« 
-ifsioiNOinoinoj 


JO »-i 33 th m o m o C' 
CM 


ooooomomo 
o iT o IT in CMiofM in 


CO iHO-imo^noo oofHoD-Mrno-no'O 


oooooioomo 
lO oin o in CMin CM in 


ooooomomo 
o in o IT m CMir tM in 


iriroincNOrNo^ 
mcMCMMiniMiniHCM 
CM CM VO 


cn in CM ui (N ocMoo fM 


00 5 50 5 OOK 

ooooocoo-t 

ri* n'T'OTun-^j'O’r 


t^mfMfnncCNO'iH 
iH CM -4CNin rMin 1-1 0 
CM (N vO 


iH nO' o o> o ‘i' 
m «> kO m ■»t CN •t CM vn 


inininirrMOfMcvo 
^CMCMCMinNHirirM M 

n CM vo 


CM in mm CM ao CN CD CM 
mm mm ^ -H «i* v* »t 


50050005 X 50000000 X CJ 

OOOOOOOOkCf OOOCOCCO-i l/' 
'^vOvOvO'^vOMtvOy Ti<iQ JJ ftj 

fri rnr^mi-cmi-fcii*-* U 


5 ,HO»-lO^Or-ITl< OtMOiHOiHO^^ O-mO-HOiMO-H^ 
mtri^iri-c«*''«-<*t' 0 ' Tfirmirt-'^iH^t'c- mirirmi-'M’--i'i:^c© 

TJ*rMCM'i*’!**'*'CMtM»J'-f'»*CMrM'?i* 


'r^CMfr <rmvOr'(r wicsm-fl-ir'^r-oc ^cvmrw- kcr-w 

OOOOOOOO OOOOOOOO OOOOOOOO 

CMC^CM T CMfNCsfN mmmr'mmmm 


sw«^f-<iNiriirr^iH CMCMCNCMCMrSNcscM mmfnmmmmmm 


n o 
X O 
•i i< t: • 

I O' 
rjtii X 
fi-'C 1*3 


S- or r- 

jriiHX m 

«ac: ^ 

J I iH 
Drt wo* 
fHQSOfJ 


s: X m 

,jir>TX !£► 
*si:0<T * 

e-[i.ji I 

F-^CCi3 


•JiO X 

m 

^>XX • 
t o 

f-QCl-X oc 
H »J 
> 


UOE O 

uwx in 

p 

< iccil:^ O' 
HM :» I m 
Gin^rx cc 

O n> 


B.U 


o 


El. 

Q. 


(0 

Cl 

tiJ 

E-" 

W 

t/i 


u 

tHU 

>- 

u 

c 

S' 

*-30 

-tu 

:>lij 

Kt/S 

U 

f-in 

2L0 


Cs. 

o 

M 

or 

■< 

f- 

tn 

M 

X 


K 


1.3 

L5 


to 

to 

M 

X 

H 


f-i 


o< 

at> 

q: 


SSW 

HE- 


tr, 

o> 


Q 

0.0 

o 

ujin 

u I 

-xx 

xo 

tJJ 

D 

o> 
< I 

>(0 

XH 

UU} 

P->4 

M«r 

X 

S7< 

••x 

>- 

OM 

> 

<M‘t^ 


V, 

Ch 


<y\ 


Vi I 
tr I 

2 I 
H I 
H I 
H t 

u r 

tr I 

I 

or I 

111 I 

^ I 
J I 
C I 

O' ■ 

f- f 
■7 J 

D I 

(J I 

f 

J I 
C I 
S I 

e I 
M I 
W I 


CiL I 
t- i 
1 I 
*1 I 
5- I 
[O P 


I 

X t 
H I 


tP 

[iiU. 

ion 

X 

TOH 

f-X 

(O 

IT II 
n Cxj 
xfcx 

# X I ooH 

I t- I 

I *i: I tiJHa 

I Q I 

I I o 

I u I LflDn 

I X I 

I H I U 

I X I IdTS 
I H r oti 

• M I Misor' 
I I CtJUl 
1 J I XfKln 
I I l-UCb 
I 7* I inik^« 

I n I xUj 

I H I 

t <0 I ij O* 

I I H< 

I W I {tJb; 

I ^ I Jl/ivi 
I H I tJ[i,(-i 
I 'X r 

I I I UOtO 
■ v; I u, 

I oc. I XtrCi. 
p n $ WTtin 
t » 1 HJ-* 

» '-1 I 

I u I :h< j 
P 2 14/1X4 


^ aO w tv rr* > fv. A5* 


Zl/l 

H2 

wco 


■crj 

*-i 1-1 


E-W 

ir^rr-i/i >* 


•e 



cc 

wc 

JQ 

ft O' to O’ CVS*. IT tor- oc 

iJH 

iHin 

4D: 

fH Wft 

VH 

uo: 

O 

rnintro a. 


*-u 

iff 


£J 


» 

0>S. 


a 

CuG 


u 

tt.H 


o 

OH 


m3 

t> 


o 

UUl 

iHr’r' o>.i>wr4 

•cc 

XOJ 

M-ts. on 

-»cH 


O ww 


ti. 

o 



rH 

u 



(9 


1 l-T 1 ....ftFFM** 

0: 


1 P #-*i^p^r>-v 

■fil -f 

CJ 

1 P XCJeViWu t* 


(ij 

1 i uJUJ^^^Etd 

CaJiam 

33 

1 1 clo. 

W44 

X 

1 1 C‘-' 

x:k 

H 

1 Z 1 bcnxt/l HZ 

D 


1 O 1 ZHHUH M 


■ « 

1 *-f 1 iruzti; > 

X + 

ti. 

1 6h 1 SXi-f4 O 

+ 


1 U 1 OCi-WHl^ JX 

M 

1 

t EtJ 1 4^ JM(n 4 

01 '•I 

w 

1 V3 f Cti > 

HO 

!>- 

1 1 ntn 

bJ 

wi 

1 .xj 1 A4->> 

(A 01 

Z 

|t.< 

Ii--« 4- 

4 

1 Z 1 S ZZ MXZH 

tt x + 

Oc. 

1 W 1 J 

riM 


Jt»S>L’i»OS O 



lO lO b. fv 4 

<<-iCo no 
rjrJ 

b~ 


yC'O •HfSjr- XMt}- 

woo oo 
nm 

IT f r^i/^ >1 


irc'csxTsor^iz, 

WUJ JkOC>0 

r^cs Tics 

miro'w ct 

c/1 


>-i 


-Hin o bZiT* 

t 

noiro- o CL 


rJt-'f-pT' >^ 



• 

fVTl«'v o n 

iO 

o cv/v 

<o 

.o 


o 



1 1 OCCjfi^e\t^ii •• 

u 

1 1 

CJ 

1 1 <001 aa 

(A 

1 t Xw ^>iO 

1 Z 1 rrxx 0] E-Z 


1 O 1 ZHHOH H 

la 

1 H 1 ITCSX > 

inr o 

1 U 1 

n 

1 h) 1 4 jGfC-4l/)4 

1 10 1 U > 

(H 

1 05 1 fv’j JiAlOnriA 

ro 

|b.laj>> OlbJl£. 

10 

ft 1 fc-J-i*“iZ4 — Z 

Caj 

1 Z 1 Z2 ZMXZH 

u. 

ft wi HwwaaM-3 

n 

fi :2 f J a n 

tb 


l~l fF> iH > ^ fP) 

• X 

O O 

M 

O ri(n 

Ca 

O + 

w 

Cl 


z 

1 f 

• M 

1 ftt:tJe\ipiC4 •• 

t 7- 

1 1 WJws-rX’b] 

[jjq: 

1 1 tj V clCl 

0)4 

1 1 ^xu 

X 

1 Z 1 X xxoi hz 

o 

1 a 1 zHHUiH H 


1 H I iriL:;^a: 5> 

+ 

f 1 Ze»mj«c o 

■ft- 

1 U 1 ^U!aHE-P^X 

II 

ft oj ft 4-3M3H[n 4 

"1 

1 01 1 > hi ^ 

HO' 

1 ft 'CO.JiObl 'Vl/l 

Ttl w 

1 1 oi:? ^ 

Vi 

1 -4 1 

U. 4. 

1 Z 1 ZZZHXZw 

h. -I- 

ft .4 1 wiwwaa^wo 

r» * 

fin;5’^a0'5 

c*fi + 


THE OFFSET FAt.LS WITijlS 1% Op A** INTERVAL CHa«GE POINT AT THE START OF INTERVAL 

TABLE B.3 



B-5 


a 

u 

W A 
W 

w 

in 

inx 


b; 

L5 


oc 


Win 

w 


c 


Q V 
L) 

Z 

D 

H 

L> 

LO 

<n 


k 

in o 

0- 

WX 

f-'tlJ 

^no 

2- 

inM 


w 

u 

>- 

u 

X 

qn. 
^ X 
QliJ 
U > 
W 

WO 

o 

iTivO 


O 

w 

X 

<■ 


inininincnincni/itntntntni/iwkninio winini/KnwQ i in 

H I ^ 


W 



O 



» 


a 


in 




a. 


M 


10 



• 

H 

:«£ 

w 


w • 

z 

o 

U 

a 

C3M 

oo 

H 


3iJ 

in 

< 

OzstO 

in 

1 X 

X 

HU 

1 

id 


wcir 

lo 

Xdi 

Tt 

H*« 

T 

2 

c 

M M 



a 

^HQ 

a 

O 

w 

OD Z 

G 

>31 


2 


1 

z 

Z W 

1 

we 

o 

H 

w 

M 

M 

OX 

M 

wa 

H 

LOU 




aorz 


aw 

os 

< to 

•an 

Kf 

3 

tjotijro<s£ • 


H 

tOZ £02 52 0 

«[f 

*C 


w 

in 

»^10 

X 

>* 


CL 2 2 W W > U 

MM 

'kW 

tOMW^^MHn 

H 


H H Um 

►-2 

:> I 

OH 

in £z;hu>m 

H 

W 


HH 

X H 

X coroH • 

M 


■HEOWli, THH 

WM 

■z 2*^nr>Wf-nnJ 

> 

D >- El Wrt MtO 

5-a 


J U Ph Ph tuUl 

iMijor yutiCHV' 

as? OCHWH H 
•^□s-ztdhMU.jcco: 
5roc’>cw t*.cr:r 

tlSclf fillfl WJQ'v 

C WTaMT 
^ win *j-rE^Oa: j 
i-'Wttifixc n:a> 

SODSHXnHO 

wwH«: wt^soo 
soaTw o o 
We-ct wya U2>^* 
53 CLTi q^=h a^n 
c TWffta wnrw 
noJ uo^jJt-1 
t-tC w^qi^rWf- U't 
pcfiWQ HWWWO 
X 2 in in£i c < IT; j 


U 

U CLOU bu 

H 

in o: wH roa ww 

£ 

axaKCyMXXXrf 

H 

M «S W'^WHHMtk 

> O^ > 2 c 

M 

M « MM Oi ^ntd 

(<) 

oi;nn;a<bjn.WH[j 

a 

xUjQsrox X X 

X 

.<£ C ^OH 2 C ex n 

H 

OX LOHO 
awH M 

<■ 

Ik 

b. 

xc w 


MWO +2UHnP' 

1 

^ xr o 1 X 

H 

a MtLi4M2 

M 

1 MH 

in 

^ .1 inj 

2 

U U 2 

rf 

b(£ M «« 

X 

a Q X 

Ch 

2 M 

Fl 

R 


iH I 'n 

*H I ^ 
K4 I 

*-* + o 

iH 1 31 

t-i a CO 

M I r* 
I \0 
PH I in 
H I ^ 
M I -n 
MIN 
M I M 
M 4-0 
M 1 01 
M I CD 
•H I 
M I KO 
M I in 
M I kf 
I 

a rvi 

I M 
+ 0 
I <31 
I 03 

a 

I m 

M I lO 
M I ^ 
M I 'n 
M I N 
M I «H 
M-l- O 
M I (3i 
M a ao 
*-i a M 
M a lo 

M I JS 
M I ^ 
M I rn 
H I cs 

►-I I X 

K + O 
M I 0\ 
M I W 
M I M 
M I vO 
M I lA 
O I *T 
O f fO 
C I N 

ini/iinw<ninwininwinininintnD a m 


w in in in intoin in winin in ininioWQ 
in in <n in in in in in in in in in win Win in win in in Win o 




a 

CL 


X 

X 

> 

o 

o 

lO 


o 

•o 


< 


M 

ca 

<M 


W£ 


I n 

I tf 
I 'n 
a CM 
I iH 
+ 0 
I Os 
I CD 
I r' 

a vn 
f in 

I « 

a -n 
I CM 

a M 

♦ o 

I 31 

I n 


M a o 

M I W 
I d- 
I 'n 

a N 

X 

+ o 
I cn 
I 00 
M I P«* 
M I m 
M I XI 
H I U* 
M I fTi 
M I N 
M I 
Hc+O 
M I C^ 
H I 03 
H 4 
M I lO 
M I to 
M I ■*!■ 
M I 'n 
M I CM 
M I -H 
M +0 
M I OS 
M ia> 
Mir* 
1H I SO 
M I W 
M I e 
M I A> 
O IfiJ 
O I H 


M 1 in 

H f ^ 

fV 

Min 


H a CM 


M • M 

o 

H+'O 

M 1 CIS 

X 

M 1 ec 

u 

MM 1 M 

Q 

HM 1 SO 

2 

MM 1 in 

M 

MM 1 ^ 

MH 1 n 

• 

HM 1 CM 

H 

HH I M 

a 

MM + O 

CL 

TIIIT 

TIIIII 

TIIIII 

456789 

X 

MH 1 n 


MHM 1 CM 

X 

003 1 M 

u 

ccc+o 

> 

noo 1 t3s 
CCC a CD 

Cr 

OOO IM 

o 


ccoaiio ^ 

aooo I in 1 ^ 

ccoo 1 •r 
oQoa I 

cone I CN 3i 

30000 I H 3 

CCCCC+O J 

nnnnn i os ck- 

COCOC I CD 

nnoon i x 

occoo iio ■< 

nononiin -r 

ronco P ^ 

inwininwtnininininininininininmininnonnn i 
winininminintnintninwi/nnininintninr c'Of'c in 
incnininininininininwtntnviinin*wininoooDO t ^ 

ininininwintntntni/'incnintnwinioinwccscc c + c ^ 

MHHMH I Os O 

MMMl-i I lt> <N 

HMMM I 
MmhM f lO 
hhm I in 
hhm I <* 

I <yi z 

MM I N M 

M I M J 


M I in 
M t ^ 
H I ro 
M I (M 
M I M 
M +© 

M I ns 
H I CO 
MM • C' 
MH ISO 

HM I in 
hh I ^ 

HW I ^ 
mm I N 
MM I tH 
M M + 0 
MM I OS 
HMW I tt: 
MMM I M 
MMM I SO 

mmm I n 
mm I ^ 
MM t ^ 
MMH I N 
MMM I -H 
CCC +0 
aoo I os 

CCD I CO 

□ □n a M 

CCCC I so 
OCOC I XI 

c rcD a ^ 
3003 I 'n 
CCCC I «N 
OOQO I M 

cccc+o 
nnnn i ov 
CCCC ICC 

nnnnn a m 

CCCCC 1 so 
nnnnn a w 
ccocc 1 ^ 
nrnnnn i ^ 
ennm t fv 

ini/jwinwinininini/jincni/iuntnnDono a «-» 
w tn w in in W in win V3 V3 tr win in cn w in to CD c c c + o 
ininwintninwtninwininininwwwinQOoooo i os 
lyinwv'ini/' w wwirininwi^incni/' inoooccc |ir 

MMMMMM I M 
MMMMH I O 
mmhh I n 
M MM I 'f 
mm i ^ 
M ! (N 
M I ri 



o 


cn/> 


OO I 
\ 

lC I 

r- » 

^ I 
Ci- I 

^ ^ I 

^-1 m I 

-3 fSltf(<<<4t<4 

^ J*^ 

:eo\o l4f 

03 1 * 

o r- I# 

CN v£) I# 

in |4f 

^ I 


€t 2 

M u 
in a: 

M tJ 

o u 

Q 

cu 

lo 

(/< 0 . 
loo WiO 
Ir- n 
lo N. 

im CtJ 

^ z» 

|J^ HC 
|{>* H * 
1-^ o 

lO 3- *0 

la 




44(«(t4l4«((t€il<ti4(llltf- Ir* 

K- ItH 

i(- lOOv 


02 UODO 
j a 
W C 00 

u 

<c in \o 


!#«<« <<<<< 4«<4l4l<<<ff4<4«««-|4<C«4444i4<C«<t4|e<«44<H' |ra 


j o<£s: 
wex ock:u 


«£ a; ’J' 

U r*i 
CL V CM 


DU in LI ^ 


U 

F- rt 

in 

CJ 


J 



Hal J -XM 



W 

r 

10 LOVPO 

1 



Ui£| C1.4-C: 


f- 

X 

Li 

lO 

o 

r 



< :5:q 

D 

H 

3 

DE 

1 

03 

1 



H s 


E- 

Jc c 

53 

m 


1 



HO JuJU 



:2 Q 

J 

cu 

yo 

I 



C5£ OOU 



H 

a 


in 


I«< 444 « 4<44444 44444 < 44 C 44 l 4«4444 

1 4 4 4 4 4 4 M- 

z XpcC 


H 

J 


xm 



# 

M- 

10 J O/Oi 


a 


t 

II 

fO 


44- 

44 - 

loxoxa 




ui 

HW 

r 4 

\Vr 

!*• 


CiX H 1 1 


a 


H 

Clj 


144 

* 

th 

Cx] 40UliJ 

O 


o a 

mto 


Hf 

* 

If 

KZ 



=3 

Ci^ 

«£ 

c^ 

I4t 

44 - 

4f 

U1 kJMM 



CL 

m J 

too 

00 

144- 

4 

* 

QUU-lF-H 



O 

< 

utn 

r*^ 

1 



ZC£Z^ 



2 

z 

uo 


1 







< 

cu 

in 

» 



Ci 





r'zx 

yi* 

1 



SUtO^-lL 




JN 

M 

m 

1 




-3 



tHH 

1 HHi 

N 

1 



[lK I- H 



cc 

C H 

C 


1 






WfO 


HJ 

1>0 

1 



ISUcci-rD 



E- 

'H. 

a 

O' 

1 



UIUHO* 



u 

H 


03 

) 



iltt Xk-iW 



u 

M 



1# 44 4444/4 4 CI 

« 44 i 4 r 4 ( 4 ; 444 C 4 ' 44 ' 4 l 

1 r 4 4 4 1 4 H 




02 

in 

to 

VO 

I4I- 

» 

!♦■ 

HfO X tfi 



H 

*?■ 

•• 

in 

144^ 

» 

■H- 

H It Wrt -<vJ 

3 


no. 

mill 

r’U 


144 - 

<4- 


USt'lHlOH Wrt 




t^W 

tJ 

m 

flF 

14 

44 

cC Mt> 



>4 

CN 

kX H 

CM 

1# 

¥■ 

4^ 

J M V Cl LllO 



fC c 


HCJ 

vH 

f+r 

tt 

41 - 

n: 



_ 

-H 

liHCiJraO 

lit 

it- 


[*4 




4J 

in 

a 

1 



Lil^X^C Iii 





HH 

03 

1 






i"“ i 

»-i 

C*» 

f- 

1 



iHGP «s a 



F- t 


VvJ.r 

a 

1 



C IlClK 



<rc 

ira 

an 

IT 

1 



-'TCiF'ir) j-iio 



0 

Mr 


't 

1 




wi- 

tJ ^ 
r t C-' i: H 
XtH o 
Ci-ti. Cl Ki/^ 
UtnUHM 



MiT 

m 

lor 

^ U 



fif 

MU/IOIJI-O 

HU 



H-J 


a 

l4f 

CC^XlOf 1 


C4 

Ht- 

Ir1 

E- a 

ITi 


a trir-r 



f ' 

tv; 

*>•■ 


llf- 

LiJ ti F-' 


»•« 

e fi 

a 

h-* 

/»■ 

lif 

^fjjiiri < 

rn 



-4 

Q ‘-J 

tN 

I f- 

H!:: r ^ i 

• U' 

tn 

b- 



• 4 


tti (-4 r H M 1 

nn 

*n M 

* ► 

H H 


^ — 


C 1 

‘ n 

c 

1“ r 

rr 


(T 


r tnitj 


.T 

jri 

hFiJ 


O 


Q liuHtx^b: 




fiJ 


r- 


X QIH 






0 


'tr C/trc 


UJH 


"1 


in 


□ XUHh-Z 


JO 




1* 


CIL l< 

C.U 

E* iJ 

ca 





U’ JCO **jr 

0 a 

13 Ma 

ft: a 

H »• 


CM 


a o a < 

* s- 

VO H 

<«TH 

voa 





UH 


OH 

H 



4 

XDC 1 L*! 




1 








M 


Ul 


b-a 




tM 


D 


f* cno* 




tn 


O 


:i3 z 

U ■ 

i^al 

U • 



z 


H «r 1 

zn 

»i< znin 

n 

<.OfX 




n ttr 1 

HZ 

Tf 

HZ 

vT a 





IH 4 ( < 4 4 4 « 4 


la ui M 

ICO ^35‘^JC. 

H-' DODO 
tvn ►-iwHw 
in HE-HP 
tJtXJCJ 
Ira (JUUU 
IN XaiCHQC. 

M H H H 
ior>-QQQC3 

la 

ICO a: 

If^ » IH t- C 

IvO 000/0 

lin Cffisis L 

h 3 * 

Ira S2££cr 
ICN 

iri- 

I I 

la bJ [l U U. «i 
|CD bJbJliJQ£- 
ir- tfcjirii-oi- 
ilO OOUQ2w3^ 
ftn ccL 


4l<<4<4(<<<<4<C4<f'<44«4<<<<1((<Cf<4(CC(444H^ 

H » 


4 4 4 4 4 4 4 1 4 


44<t4<i(<4444444444<4<f44«4(<4<44tC4<<4 


<f 1 W 

1 F 

+ 1 Ifrio 

H 

cO 

rf 

•S' 

P-t 

H 

t > 

M 

H 


M 

rz 

cn 

uo 

z 

55 5* 

u 

MH 

K 

a (O 

•ru 

a 

X 22 

C 

U'-f 

c 

J 

H 


'I. 

«HVC 

a 

C: 


a 

*t « 

1 

1 

^tc 

P 

• t 4 


IT 44 

a 

- * 

J 

c. ^- 

IT 

H.niN 

iVC 


a 



r II 11 


w 

■*-• 

7 7 

nou 

f*i 

t / 

L 

- 4 H 

X 

aw 

X 

-lUrt 

H 

•' C 10 


U^w 

»- f 

l-HC 

a -1 

-J 

r 

>• 


% ^ 4 ^ 



TK 

This’book 
date last stamped. 

104''. 87 

';■'’ 104187 

te Slip 

Is to be returneci ootbo 

i 











1-1 


■ Y- R. 



